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DEPARTMENT  OF LABOR  AND EMPLOYMENT  

Division of Workersô Compensation 

CCR 1101-3 

RULE 17 EXHIBIT 2B  

 

Moderate/Severe Traumatic Brain Injury Medical Treatment Guideline 

 

A. Guideline introduction 

This document has been prepared by the Colorado Department of Labor and Employment, 

Division of Workersô Compensation (Division) and should be interpreted within the context of 

guidelines for physicians/providers treating individuals who qualify as injured workers with 

traumatic brain injury (TBI) under the Colorado Workersô Compensation Act.  

 

Although the primary purposes of this document for practitioners are advisory and educational, 

this guideline is enforceable under the Workersô Compensation Rules of Procedure, 7 CCR 1101-

3. The Division recognizes that acceptable medical practice may include deviations from this 

guideline, as individual cases dictate. Therefore, this guideline is not relevant as evidence of a 

providerôs legal standard of professional care. 

 

To properly utilize this document, the reader should not skip or overlook any sections. 
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B. General guideline principles 

The principles summarized in this section are key to the intended implementation of all Division 

of Workersô Compensation medical treatment guidelines and critical to the readerôs application of 

the guidelines in this document. 

B.1 Application of the guidelines  

The Division provides procedures to implement medical treatment guidelines and to foster 

communication to resolve disputes among the provider, payer, and patient through the Workersô 

Compensation Rules of Procedure. In lieu of more costly litigation, parties may wish to seek 

administrative dispute resolution services through the Division or the office of administrative 

courts. 

B.2 Education  

Education of the individual and family and/or support system, as well as the employer, insurer, 

policy makers, and the community, should be the primary emphasis in the treatment of TBI. 

Currently, practitioners often think of education last, after medications, manual therapy, and 

surgery. Practitioners must implement strategies to educate individuals with TBI, employers, 

insurance systems, policy makers, and the community as a whole. An education-based paradigm 

should always start with inexpensive communication that provides recovery, function-focused, 

patient-centered, and evidence-based information to the individual with TBI. More in-depth 

education is currently a component of treatment regimens that employ functional, restorative, 

preventive, and rehabilitative programs. No treatment plan is complete without addressing issues 

of individual and/or group patient education as a means of facilitating self-management of 

symptoms and prevention. Facilitation through language interpretation, when necessary, is a 

priority and part of the medical care treatment protocol. 

B.3 Informed decision making  

Providers should implement informed decision making as a crucial element of a successful 

treatment plan. Patients, with the assistance of their health care practitioner and support system, 

should identify their personal and professional functional goals of treatment at the first visit. 

Progress towards the individualôs identified functional goals should be addressed by all members 

of the health care team at subsequent visits and throughout the established treatment plan. Nurse 

case managers, psychologists, physical therapists, and other members of the health care team play 

an integral role in informed decision making and achievement of functional goals. Patient 

education and informed decision making should facilitate self-management of symptoms and 

prevention of further injury. 
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B.4 Treatment parameter duration  

Time frames for specific interventions commence once treatments have been initiated, not on the 

date of injury. Obviously, duration will be impacted by the individualôs adherence, as well as 

availability of services. Clinical judgment may substantiate the need to accelerate or decelerate 

the time frames discussed in this document. 

B.5 Active interventions 

Active interventions emphasizing patient responsibility, such as therapeutic exercise and/or 

functional treatment, are generally utilized over passive modalities, especially as treatment 

progresses. Generally, passive interventions are viewed as a means to facilitate progress in an 

active rehabilitation program with concomitant attainment of objective functional gains. 

B.6 Active therapeutic exercise program 

Exercise program goals should incorporate patient strength, endurance, flexibility, coordination, 

and education. This includes functional application in vocational or community settings. 

B.7 Positive patient response  

Positive results are defined primarily as functional gains that can be objectively measured. 

Objective functional gains include, but are not limited to: positional tolerances, range of motion 

(ROM), strength, endurance, activities of daily living, ability to function at work, cognition and 

communication, psychological behavior, and efficiency/velocity measures that can be quantified. 

Subjective reports of pain and function should be considered and given relative weight when the 

pain has anatomic and physiologic correlation. Anatomic correlation must be based on objective 

findings. Patient completed functional questionnaires such as those recommended by the Division 

as part of Quality Performance and Outcomes Payments (QPOP, see Rule 18-8), the Patient 

Specific Functional Scale, or other validated function scales can provide useful additional 

confirmation. 

B.8 Re-evaluation of treatment no less than every 3 to 4 weeks  

If a given treatment or modality is not producing positive results within 3 to 4 weeks or within the 

time to produce effect in the guidelines, the treatment should be either modified or discontinued. 

Before discontinuing the treatment, the provider should have a detailed discussion with the patient 

to determine the reason for failure to produce positive results. Reconsideration of diagnosis 

should also occur in the event of a poor response to a seemingly rational intervention. 

B.9 Surgical interventions  

Surgery should be contemplated within the context of expected functional outcome and not purely 

for the purpose of pain relief. The concept of ñcureò with respect to surgical treatment by itself is 
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generally a misnomer. All operative interventions must be based upon positive correlation of 

clinical findings, clinical course, and diagnostic tests. A comprehensive assimilation of these 

factors must lead to a specific diagnosis with positive identification of pathologic conditions. 

B.10 Six-month time frame  

The prognosis drops precipitously for returning an injured worker to work once he/she has been 

temporarily totally disabled for more than six months. The emphasis within these guidelines is to 

move patients along a continuum of care and return to work within a six-month time frame, 

whenever possible. It is important to note that time frames may be less pertinent for injuries that 

do not involve work-time loss or are not occupationally related. 

B.11 Return to work  

When considering return-to-work options following TBI, the practitioner must skillfully match 

the individual's abilities (physical, cognitive, communicative, psychological, and behavioral) and 

the work requirements. Qualified vocational rehabilitation practitioners may be used for 

moderate/severe cases. 

The practitioner must write detailed restrictions when returning an individual with TBI to limited 

duty. An individual with TBI should never be released to "sedentary or light duty" without 

specific physical, psychological, and cognitive limitations. The practitioner must understand 

essential job functions and job requirements/duties, as well as all of the physical, visual, 

cognitive, psychological, and behavioral demands of the individual's job position before returning 

him/her to full duty. Job duty clarification should be obtained from the employer or others if 

necessary, including but not limited to: employer supervisor or co-worker, an occupational health 

nurse, occupational therapist, physical therapist, speech-language pathologist, vocational 

rehabilitation specialist, case manager, industrial hygienist, or other appropriately trained 

professional. 

B.12 Delayed recovery  

All individuals with moderate/severe TBI (M/S TBI) will require an integrated system of care. 

Interdisciplinary rehabilitation treatment and vocational goal setting may need to be initiated for 

those who are failing to make expected progress 6 to 12 weeks after an injury. Neurological 

recovery following M/S TBI is greatest in the first 12 months post-injury, but may occur for up to 

2 years post-injury, with further functional improvements beyond 2 years. The Division 

recognizes that 3ï10% of all industrially injured individuals will not recover within the timelines 

outlined in this document despite optimal care. Such individuals should have completed a full 

neuropsychological evaluation. These individuals may require treatment beyond the limits 

discussed within this document, but such treatment will require clear documentation by the 

authorized treating provider focusing on objective functional gains afforded by further treatment. 
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M/S TBI may have a prolonged recovery and frequently requires continuing treatment as 

addressed in the post Maximum Medical Improvement (MMI) care section.  

B.13 Guideline recommendations and inclusion of medical evidence 

All recommendations are based on available evidence and/or consensus judgment. A Division 

staff methodologist (MD, MSPH) researched and adopted literature critique criteria. Literature 

critiques were performed in a manner congruent with national standards and were completed 

independent of the multidisciplinary task force group which drafted initial recommendations. The 

methodology is described in detail on the Divisionôs website. Please also refer to the Divisionôs 

website for evidence tables and study critiques which provide details on the studies used to 

develop the evidence statements. 

 

When possible, guideline recommendations note the level of evidence supporting the treatment 

recommendation. It is generally recognized that early reports of a positive treatment effect are 

frequently weakened or overturned by subsequent research. When interpreting medical evidence 

statements in the guideline, the following apply: 

ǒ Consensus means the judgment of experienced professionals based on general medical 

principles. Consensus recommendations are designated in the guidelines as ñgenerally 

well-accepted,ò ñgenerally accepted,ò ñacceptable/accepted,ò or ñwell-established.ò 

ǒ ñSome evidenceò means the recommendation considered at least one adequate scientific 

study, which reported that a treatment was effective. The Division recognizes that further 

research is likely to have an impact on the interventionôs effect. 

ǒ ñGood evidenceò means the recommendation considered the availability of multiple 

adequate scientific studies or at least one relevant high-quality scientific study, which 

reported that a treatment was effective. The Division recognizes that further research may 

have an impact on the interventionôs effect. 

ǒ ñStrong evidenceò means the recommendation considered the availability of multiple 

relevant and high-quality scientific studies, which arrived at similar conclusions about the 

effectiveness of a treatment. The Division recognizes that further research is unlikely to 

have an important impact on the interventionôs effect. 

There is limited and varied literature on TBI. Therefore, many of the studies cited focus on 

athletes, military personnel, or stroke survivors. 

 

All recommendations in the guideline are considered to represent reasonable care in appropriately 

selected cases, irrespective of the level of evidence or consensus statement attached to them. 

Those procedures considered inappropriate, unreasonable, or unnecessary are designated in the 

guideline as ñnot recommended.ò 
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B.14 Treatment of pre-existing conditions  

The conditions that preexisted the work injury/disease will need to be managed under two 

circumstances: (a) A pre-existing condition exacerbated by a work injury/disease should be 

treated until the patient has returned to their objectively verified prior level of functioning or 

Maximum Medical Improvement (MMI); and (b) A pre-existing condition not directly caused by 

a work injury/disease but which may prevent recovery from that injury should be treated until its 

objectively verified negative impact has been controlled. The focus of treatment should remain on 

the work injury/disease. 

The remainder of this document should be interpreted within the parameters of these guideline 

principles that may lead to more optimal medical and functional outcomes for injured workers. 

B.15 Post maximum medical improvement (MMI) care 

This document includes recommendations for post-MMI care in appropriate cases. (Refer to 

Section H, Maintenance management.)
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C. Introduction to traumatic brain injury  (TBI)  

C.1 Definitions of TBI  

Before a diagnosis of TBI is made, the physician should assess the level of trauma exposure to the 

individual using available objective evidence. According to the Institute of Medicine of the 

National Academies, TBI is an injury to the head or brain caused by externally inflicted trauma 

(Institute of Medicine, 2006). The Department of Defense defines TBI as a ñtraumatically induced 

structural injury and/or physiological disruption of brain functions as a result of an external forceò 

(Management of Concussion-Mild Traumatic Brain Injury Working Group, 2016, p. 6). TBI may 

be caused by a blow to the head from an object or by striking an object, by acceleration or 

deceleration forces without impact, or by blast injury or penetration to the head that disrupts the 

normal function of the brain (Management of Concussion-Mild Traumatic Brain Injury Working 

Group, 2016).  

A diagnosis of TBI is based on acute injury parameters and should be determined by the criteria 

listed below. Severity of initial impairment following TBI is subdivided into two major 

categories, mild TBI (mTBI) and moderate/severe TBI (M/S TBI). These definitions apply to the 

initial severity of impairment and do not necessarily define or describe the degree of subsequent 

impairment or disability. 

After sustaining a TBI, whether initially diagnosed as mTBI (including complicated mTBI) or 

M/S TBI, assessment, evaluation, and testing under the Divisionôs Moderate/Severe TBI Medical 

Treatment Guideline is appropriate when there are complex questions related to differential 

diagnosis (brain injury versus other diagnosis) or when the patient is not progressing in cognitive 

function and/or activities of daily living (ADLs). There should be a clear rationale for undertaking 

testing and/or treatment under the M/S TBI Guideline. 

C.1.a Mild TBI (m TBI)  

mTBI is a traumatically induced physiological disruption of brain function, as manifested by at 

least one of the following, documented within 24 to 72 hours of an injury (American Congress of 

Rehabilitation Medicine Head Injury Interdisciplinary Special Interest Group, 1993): 

ǒ any loss of consciousness 

ǒ any loss of memory for events immediately before or after the injury 

ǒ any alteration of mental status at the time of the injury (e.g., feeling dazed, disoriented, or 

confused) (Management of Concussion-Mild Traumatic Brain Injury Working Group, 

2016) 

ǒ focal neurological deficit(s) that may or may not be transient but where the severity of the 

injury does not exceed the following: 
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ƺ loss of consciousness for approximately 30 minutes or less, 

ƺ at 30 minutes, a Glasgow Coma Scale (GCS) of 13ï15, and 

ƺ post-traumatic amnesia (PTA) not greater than 24 hours. 

If the GCS is not available, the closest approximation to the patientôs state at 30 minutes 

post-injury should be used. 

If the patient presents with any of the above after 72 hours, the clinician will need to use available 

information to construct a diagnosis.  

Refer to the Divisionôs Mild Traumatic Brain Injury Medical Treatment Guideline. 

C.1.b Complicated mTBI 

Complicated mTBI is an mTBI accompanied by structural brain damage visualized on initial 

structural neuroimaging. More patients in this group have slow or incomplete recovery as 

compared to patients without this finding. However, the imaging finding alone may not fully 

predict the clinical course of an individual with mTBI (G. L. Iverson, 2009). Based on a 

reanalysis of data from the Dikmen study, there is some evidence that mTBI and complicated 

mTBI ï whether the GCS is 15 or 13-14 ï are similar with respect to the frequency of persistent 

concussion symptoms at one month and one year (Dikmen, Machamer, & Temkin, 2017). The 

term is not separately addressed in this guideline to determine care, but it should be understood 

that complicated mTBI cases will frequently require more extensive treatment than that 

described under mTBI and may be given care listed under this guideline for M/S TBI as 

appropriate for the individual.  

C.1.c Moderate/severe TBI (M/S TBI) 

M/S TBI is a traumatically induced physiological and/or anatomic disruption of brain function as 

manifested by at least one of the following (American Congress of Rehabilitation Medicine Head 

Injury Interdisciplinary Special Interest Group, 1993): 

ǒ altered state of consciousness or loss of consciousness for greater than 30 minutes, 

ǒ an initial GCS of 12 or less, and/or standardized structural neuro-imaging evidence of 

trauma, and/or 

ǒ post-traumatic amnesia (PTA) greater than 24 hours.  

If the GCS is not available, the closest approximation to the patientôs state at 30 minutes post-

injury should be used. 

C.1.d Other terminology 

Once a patient has met the definitions above in C.1.c for M/S TBI or C.1.b for complicated mTBI, 

which requires more care, the treatment patterns and diagnostic tools of this guideline apply. The 

following terms are noted for information only. 
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ǒ Acquired brain injury (ABI): ABI refers to any type of brain injury that occurs after birth 

and that is not related to a congenital disorder or degenerative disease. In addition to TBI, 

ABI also includes damage to the brain from internal factors such as lack of oxygen, brain 

bleed, exposure to toxins, infection, or pressure from a tumor. Although non-traumatic 

ABI may have symptoms and treatments in common with TBI, this guideline was 

developed specifically for TBI. It is possible that some of these treatments may be useful 

for other types of ABI. 

 

ǒ Concussion: There is some disagreement in the literature regarding definitions and 

terminology. ñConcussionò is used synonymously with mTBI in many papers. The term is 

only referenced in this guideline when describing studies using the terminology. 

 

ǒ Post-Concussive Syndrome (PCS): PCS is an accepted diagnosis that is generally 

determined by the number of symptoms present after an mTBI and how long they persist. 

However, the symptoms used to determine the presence of PCS are frequently present in 

those without mTBI (Dean, O'Neill, & Sterr, 2012). In this guideline, once a person has 

been diagnosed with mTBI, any of the treatments for continuing symptoms may be used. 

Thus, the diagnostic category of PCS is not necessary and should not be used in isolation 

to access the treatments in this guideline. 

 

C.2 Prevention 

Prevention of injuries such as TBI is an essential component of any medical treatment guideline 

or injury management program. TBI is a dynamic condition, and patients may deteriorate over 

time in the areas of physical and mental health, cognition, employment, and activities of daily 

living (ADLs). The following guideline-specific definitions of the various types and levels of 

prevention are necessary to prevent the deterioration from a healthy state to pathology and to 

successfully intervene at the levels of disablement described in section C.4, Disability. 

ǒ Primary prevention 

 

The goal is the prevention of disease in a susceptible, or potentially susceptible, 

population through specific measures, including general health promotion efforts. All 

health providers should remind individuals, supervisors, and employers of the primary 

measures for preventing recurring TBIs.  

 

Always use appropriate protective equipment on jobs that require protection, including 

following all of the employment policy and procedures related to the safety of the 

individual, co-workers, or external customers. Examples of primary prevention include: 

 

ƺ Provide safety guidelines for employer premises; 
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ƺ Wear protective helmets, complying with the American National Standards Institute 

(ANSI), on jobs requiring protection from falling objects or electrical hazards; 

ƺ Wear protective helmets and headwear when involved in contact, collision, and other 

sports such as biking, horseback riding, skating, skiing, and snowboarding; 

ƺ Wear safety goggles or glasses on jobs that require protection from flying objects or 

debris; 

ƺ Avoid walking on wet, slippery floors on the worksite, or wear the appropriate 

footwear for the conditions; 

ƺ Ensure that scaffolding has appropriate railings/or harnesses, and that they and are in 

good working order; 

ƺ Use ladders in accordance with Occupational Safety and Health Administration 

(OSHA) recommendations (e.g., make sure that ladders over 20 feet tall have cages); 

ƺ Provide and use airbags, safety belts, etc., in motor vehicles; 

 

ƺ Avoid alcohol and other drug use, including marijuana, during recreational activities 

such as boating, hunting, skiing, snowboarding, etc., while driving or operating 

equipment, when working from elevated surfaces, and at work; 

 

ƺ Avoid distracted driving (e.g., driving while texting, using cell phone, etc.); 

ƺ Practice fatigue management techniques, such as limiting duty hours and night shifts, 

to maintain optimal energy levels for the required work tasks; 

ƺ Weight management and regular exercise may decrease the likelihood of an injury as 

well as length of recovery when an injury occurs. 

ǒ Secondary prevention 

 

Secondary prevention includes efforts to decrease duration of illness, severity of disease, 

and sequelae through early diagnosis and prompt intervention. 

 

Early diagnosis of individuals with M/S TBI is critical in helping to avoid secondary 

symptoms and problems in living. Individuals with a previous history of TBI, comorbid 

conditions, psychiatric disorders, cognitive disorders, and substance abuse are also at 

greater risk for poor outcome and represent an opportunity to reduce the effects of TBI. 

Such individuals should receive appropriate referrals for the comorbid conditions, and 

treatment of these comorbid conditions should be integrated into the individualôs 

rehabilitation program. 
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Workers who have sustained a recent TBI should be especially cautious about returning to 

work activities that may lead to a second TBI since second injuries occurring prior to a 

full recovery from the initial TBI may have more serious consequences. Providers should 

practice secondary prevention by setting appropriate restrictions for these workers and 

workers who are suffering from impairment, such as dizziness, that could lead to falls in 

some work environments. (Refer to Section G, Return to work.) 

 

ǒ Tertiary prevention 

Tertiary prevention encompasses the effort to decrease the degree of disability and 

promote rehabilitation and restoration of function in individuals with chronic and 

irreversible diseases and to prevent disease and disability. Life-long management and 

follow-up services may be required for select individuals with TBI with persistent 

medical, cognitive, psychological, and/or functional skill deficits. 

The majority of this guideline addresses secondary and tertiary prevention of disability for 

workers with TBI. 

C.3 Interdisciplinary r ehabilitation professionals 

An interdisciplinary treatment team is an alliance of professionals from different medical or 

therapeutic disciplines (as described below) that provides a coordinated treatment program. The 

particular treatment needs of the individual with TBI will determine the disciplines that make up 

the team. The team establishes treatment priorities and goals and provides treatment. Team 

members contribute their respective skills, competencies, insight, and perspectives to the 

rehabilitation process. This includes education, communication, and alignment of expectations to 

optimize treatment outcomes. It is highly recommended that the individual with TBI participate in 

team planning, along with his or her family and/or support system, insurance carrier, case 

manager, and sometimes the employer or return-to-work specialist when addressing return-to-

work planning. (Refer to Section G, Return to work.) 

The most common disciplines, in alphabetical order, involved in the medical and rehabilitation 

treatment of TBI include but are not limited to: 

ǒ Behavioral psychologist: a psychologist with special training, credentials, and licensing 

who specializes in the area of behavior analysis and treatment. 

ǒ Behavioral analyst: a masterôs level, certified behavioral analyst who designs and 

supervises behavioral interventions. Behavioral assessments by an analyst do not 

substitute for neuropsychological assessments. 

ǒ Case manager: Case managers are initially trained under a variety of disciplines such as 

nursing, social work, and other health and human services fields and should be certified 
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through the Commission for Case Manager Certification (CCMC). In order to achieve the 

best possible outcome for everyone involved, it is best to provide case management 

services in an environment in which the case manager, the client, the clientôs family 

and/or support system, and the appropriate service personnel are able to communicate 

directly (Case Management Society of America (CMSA), 2016). It is crucial that the case 

manager be thoroughly educated in the complexities of treating individuals with TBI. 

Case managers may perform Utilization Review (UR) as a part of case management 

duties, but UR alone is not case management. 

The primary functions of TBI case management are: 

ƺ to obtain information through a comprehensive assessment of the injured individual 

and his/her family and/or support system; 

ƺ to work with the health care team, the injured worker, and family and/or support 

system in development, monitoring, and implementation of a comprehensive case 

management plan. Plan reassessment should be completed on a regular basis; 

ƺ to optimize access to appropriate health care services and maintain cost effectiveness; 

ƺ to integrate and coordinate service delivery among all providers and to prevent 

fragmentation of services by facilitating communication and by involving the injured 

worker and family and/or support system in the decision-making process; 

ƺ to educate and collaborate with the injured worker, family and/or support system, and 

the health care team when necessary about treatment options, compliance issues, and 

community resources; 

ƺ to predict and avoid potential complications. 

ǒ Chiropractor: a credentialed and licensed doctor of chiropractic who assesses and treats 

human illness and injury, including, but not limited to: musculoskeletal injuries; 

movement dysfunction; impairments in strength, muscle tone, motor control, posture 

coordination, endurance, and functional mobility; neurological injuries; and loss of 

function. Chiropractic utilizes joint manipulation and spinal and joint rehabilitation, along 

with various therapies and modalities. 

ǒ Clinical pharmacist: a pharmacist with expertise in medication management. He/she might 

be useful for patients with multiple medication regimens. 

ǒ Clinical psychologist: a psychologist with special training, credentials, and licensing who 

specializes in the assessment and treatment of personality and psychological disorders, 

education and adjustment counseling, psychotherapy, and management of behavior. 
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ǒ Driver rehabilitation specialist: an individual who is trained in the health care field and 

certified by the Association for Driver Rehabilitation and the American Occupational 

Therapy Association. 

ǒ Independent life skills trainer: an individual with documented training to develop and 

maintain an individualôs ability to independently sustain him or herself physically, 

emotionally, and economically. Services may include: assessment, training, and 

supervision or assistance to an individual with self-care; medication supervision; task 

completion; communication skill building; interpersonal skill development; socialization; 

therapeutic recreation; sensory motor skills; mobility or community transportation 

training; reduction or elimination of maladaptive behaviors; problem solving skill 

development; benefits coordination; resource coordination; financial management; and 

household management. 

ǒ Music therapist: an individual who is board certified and trained to use music within a 

therapeutic relationship to improve cognitive, sensory, motor, communication, and 

behavioral functions that have been affected by neurologic disease. 

ǒ Neurologist: a physician with special training and credentials in the area of the nervous 

system who has successfully completed an approved residency in neurology. 

ǒ Neuro-ophthalmologist: an ophthalmologist or neurologist who has completed an 

approved residency in ophthalmology or neurology, who has completed a fellowship in 

neuro-ophthalmology, and who specializes in the treatment of visual disorders related to 

the nervous system. 

ǒ Neuro-otologist: a physician who has completed a fellowship in neurotology or oto-

neurology.  

ǒ Neuropsychologist: a licensed psychologist with knowledge of and special training in 

brain-behavior relationships, including neuropsychological assessment, causality of 

neurobehavioral changes, and treatment and management of neurobehavioral disorders. 

ǒ Neuroscience nurse: a registered nurse (RN) who has certification in the treatment of 

individual and family and/or support system responses to nervous system function and 

dysfunction across the healthcare continuum. 

ǒ Neurosurgeon (neurological surgeon): a physician who has special training and credentials 

in the surgery of nervous system disorders and who has successfully completed an 

approved residency in neurological surgery. 

ǒ Nurse: an RN with specialty training, credentials, and licensing who specializes in the 

collection and assessment of health data, health teaching, and the provision of treatment 

that is supportive and restorative to life and well-being. 
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ǒ Occupational therapist: a registered and licensed therapist who specializes in participation 

in activities of daily living (ADLs). He/she assesses and treats the physical, perceptual, 

behavioral, and cognitive skills needed to perform self-care, home maintenance, and 

community skills. He/she also provides patient and family and/or support system 

education. 

ǒ Occupational medicine physician: a physician who has education and training in 

occupational medicine and preferably qualifies for board certification. 

ǒ Optometrist: a specialist with training, credentials, and licensing who examines, assesses, 

diagnoses, and treats select abnormal conditions of the eye and adnexa. Optometric scope 

of practice varies from state to state. It is defined by statute and may include topical or 

systemic medical therapy. Neuro-optometrists are preferred. 

ǒ Ophthalmologist: a physician with training and credentials in the diagnosis and treatment 

of visual disorders, including related systemic conditions, who has successfully completed 

an internship and an approved residency in ophthalmology. Ophthalmologists are able to 

perform medical and surgical procedures on the eye, orbit, and adnexa. Neuro-

ophthalmologists are preferred. 

ǒ Otolaryngologist: a physician who specializes in ear, nose, and throat medical treatment. 

He/she has completed a residency in otolaryngology. 

ǒ Physical therapist: a licensed therapist with expertise in managing movement dysfunction 

who specializes in the assessment and treatment of individuals with impairments, deficits 

and functional limitations in the areas of strength, muscle tone, motor control, posture, 

coordination, balance, endurance, and general functional mobility. He/she works to 

improve functional independence, as well as provide family and/or support system and 

patient education. 

ǒ Physiatrist / physical medicine and rehabilitation physician: a physician with special 

training, credentials, and licensing in the field of physical medicine and rehabilitation. 

He/she has successfully completed an approved residency. 

ǒ Psychiatrist/neuropsychiatrist: a physician with special training, credentials, and licensing 

who specializes in the field of mental health and psychological disorders. He/she has 

successfully completed an approved residency in psychiatry. A neuropsychiatrist is a 

psychiatrist who has specialized training, credentials, and licensing in neurologically 

based behavioral, cognitive, and emotional disturbances, including specialized training in 

TBI. 

ǒ Rehabilitation counselor: a bachelorôs or masterôs level counselor who specializes in 

assisting individuals in the process of independent living, productive activity, and 

vocational pursuits. This includes assistance with financial resources, housing, community 
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resources, social skills, vocational evaluation and treatment, integration back into the 

workforce, and patient and family and/or support system counseling. 

ǒ Rehabilitation nurse: an RN who has certification in rehabilitation nursing. Rehabilitation 

nursing is a specialty practice area within the field of nursing. It involves recognizing, 

reporting, and treating human responses of individuals and groups to present or future 

health problems resulting from changes in functional ability and lifestyle (Association of 

Rehabilitation Nurses (ARN), 2016). 

ǒ Rehabilitation psychologist: a specialty within psychology requiring additional training 

that focuses on interdisciplinary teamwork to achieve optimal physical, psychological, and 

interpersonal functioning for those with chronic or traumatic injuries (American Board of 

Professional Psychology, 2017). 

ǒ Social worker: a masterôs level, licensed social worker who specializes in patient and 

family relationships, as well as housing, financial resources, and society reintegration. 

ǒ Speech-language pathologist: a certified, licensed, and masterôs or doctoral level therapist 

who specializes in the assessment and treatment of individuals in the areas of 

communication (speech, language, social skills, voice), cognition, swallowing, and family 

and/or support system patient education. 

ǒ Therapeutic recreation specialist: a bachelorôs or masterôs level therapist who specializes 

in the assessment and treatment of individuals in the areas of planning and management of 

leisure activities, time management, mental health through recreation, and community 

access. 

C.4 Disability  

The World Health Organization (WHO) conceptualizes disability as the interaction of health 

conditions with environmental factors (such as social and legal structures) and personal factors 

(including age, education, and coping styles). 

For the purposes of this guideline, we are adopting the International Classification of Functioning, 

Disability, and Health (ICF). 

This model recognizes the interaction between the health condition and three major components: 

body functions and structures, activity, and participation. These in turn are influenced by 

environmental and personal issues. The following definitions are used: 

ǒ Body functions: physiological functions of body systems, including psychological 

functions. 

ǒ Activity limitations: difficulties an individual may have in executing activities. 

ǒ Participation restrictions: problems an individual may experience in involvement in life 

situations. 
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ǒ Disability: activity limitations and/or participation restrictions in an individual with a 

health condition, disorder, or disease. 

 

Because of the nature of TBI and the nature of learning and memory, functional skills often 

cannot be generalized across work environments. Therefore, the assessment of function, 

evaluation, and treatment should not only consider the injured worker but also include evaluations 

of the individualôs ñreal worldò environment, conducted by qualified practitioners.
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D. Overview 

Care for individuals with moderate/severe brain injuries is highly individualized. A significant 

amount of therapy performed by multiple types of providers may be required to return the patient 

to reasonable function. Therefore, many of the providers described in Section C.3, 

Interdisciplinary rehabilitation professionals, may be required as part of the treatment team. The 

number and level of acute non-operative, operative, and rehabilitative care is highly dependent on 

the full extent of the injury and its neurologic effects. Therefore, the M/S TBI guideline 

recommendations may differ based on a patientôs specific neurological injury pattern, polytrauma, 

psychosocial issues, and comorbidities. 

Payers and providers should refer to specific treatment and diagnostic sections to determine 

coverage for payment. 

The following areas should be considered. 

D.1 Early specialty i ntervention 

Early identification and early intervention by providers with specialty training and experience is 

critical in the diagnosis, treatment, and management of individuals with M/S TBI. Brain injury 

treatment may also require immediate interdisciplinary evaluation and treatment. The treatment, 

and ultimate functional outcome, of individuals with TBI depends upon a complex, interacting set 

of pre-injury, injury, and post-injury factors. Treatment programs should be specialized, based on 

a comprehensive data set, inclusive of both functional goals and outcome-oriented goals, and 

delivered in the least restrictive setting(s) possible. Treatment settings may include acute care 

settings, hospitals, rehabilitation hospitals, outpatient settings, residential and behavioral settings, 

home, and community settings. Treatment should be well managed, time appropriate, and 

progress based. 

Providing on-site case managers familiar with TBI rehabilitation treatment protocols is well 

accepted and recommended for all M/S TBI cases and for select mTBI cases, based on complexity 

and need. 

D.2 Support system education 

Outcome following TBI often depends on the health, education, and resources of the individualôs 

family and/or support system. Therefore, educating the individual and family and/or support 

system, insurer, case manager, and employer should be a primary emphasis in the treatment and 

management of individuals with TBI. Providers should develop and implement effective 

strategies and forums to include family and/or support system members with the interdisciplinary 

treatment team. Education for individuals and their family and/or support system should include, 

but is not limited to: basic information about the brain and the effects of TBI on behavior, 
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cognition, communication, physical function, and emotional function; appropriate family and/or 

support system interventions; and possible short-term and long-term outcomes. Written 

information and referral to credible internet resources may be helpful as the individual and their 

family and/or support system may not be able to remember the vast amount of information 

provided to them. For similar reasons, they may need to be provided repeated or ongoing 

information. Insurance carriers, case managers, and treatment providers are highly encouraged to 

give hands-on personal consultations, education (written, verbal, internet-based), and support 

services to families in order to maximize treatment outcomes and their durability. Long-term life 

planning may be discussed. Further in-depth education may be required to maximize the 

individualôs potential for functional living. Treatment plans should include individual and group 

education as a means of facilitating self-awareness and self-management and preventing 

secondary disability. (Refer to Section F.4.g, Education, for further details.) 

D.3 Course of recovery 

Following M/S TBI, neurological recovery is greatest in the first 12 months post-injury but may 

occur for up to two years post-injury; further functional improvements may occur beyond two 

years. Due to the variable and dynamic nature of disability secondary to TBI, individuals may 

either improve or deteriorate over time. In most cases, impairment will be life-long and will 

require a life-long maintenance plan of services. Complications may warrant periods of active 

treatment in addition to the maintenance plan. 

There is good evidence that TBI is associated with an important increase in risk of all-cause 

mortality six months and more after injury. This includes death from suicide, assault, and 

unintentional injuries. The increase in risk is approximately threefold, and it appears to be 

independent of sociodemographic factors such as income and marital status (Fazel, Wolf, Pillas, 

Lichtenstein, & Langstrom, 2014). Thus, it is important that patients with TBI have follow-up for 

long-term concerns. 

In at least 40% of cases, TBI is accompanied by other substantial trauma (e.g., internal, endocrine, 

orthopedic injuries) which may involve dysfunction in other bodily systems. Psychological issues 

also occur frequently; they are discussed in this guideline. Users of this TBI guideline are 

encouraged to employ appropriate guidelines by the Division for other disorders and dysfunction 

as needed. 

D.4 Guardianship and conservatorship 

Individuals with TBI may be clinically determined to lack capacity to make competent informed 

decisions concerning their medical care, housing, and/or finances. Health care providers, 

insurance carriers, and case managers should become familiar with Colorado laws regarding 

incompetency, guardianship, conservatorship, medical and durable power of attorney, advanced 
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directives, living wills, etc., in order to provide family and/or support system members with the 

appropriate education and/or resources concerning these issues when clinically indicated. 

D.5 Systems of care 

Integration of systems of care has the goal of assisting individuals with TBI in progressing along 

a continuum of care toward achieving optimal clinical outcomes as efficiently and cost-effectively 

as possible. See Figure 1. Long-term outcome and ñvalueò are recognized as superior to short-

term, price-driven management. Consumers should also be aware that CARF (Commission on 

Accreditation of Rehabilitation Facilities) definitions of programs and Centers for Medicare and 

Medicaid Services (CMS) licensing designations do not always coincide. 

Figure 1: Model systems continuum of care for individuals with M/S TBI (updated from the 

Rocky Mountain Regional Brain Injury Center [RMRBIC], 1989-1993)  

 

Figure 1 shows a schematic depicting an organized continuum of care for individuals with M/S 

TBI. The system is not a lock-step progression but a spectrum of TBI programs and services 

based on the individualôs unique condition and needs. 

ñThe term rehabilitative and habilitative services includes items and services used to restore 

functional capacity, minimize limitations on physical and cognitive function, and maintain or 

prevent deterioration of functioning as a result of an illness, injury, disorder or other health 

condition. Such services also include training of individuals with mental and physical disabilities 

to enhance functional developmentò (Congressional Record - Extension of Remarks E462 (Hon. 

Bill Pascrell Jr), March 23 2010). 

The type, amount, frequency, and duration of medical, rehabilitation, and long-term services are 

determined by the individualôs condition and needs, degree of functional improvement within 

specific time frames, as well as the individualôs potential to achieve additional, measurable 
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functional improvements with continued provision of services. Decisions concerning treatment 

within the continuum of care should be made by specialists in TBI in conjunction with the 

individual with TBI and family and/or support system. The following paragraphs describe care 

programs commonly used by individuals with M/S TBI. 

ǒ Acute care 

Established emergency medical services (EMS) triage guidelines and organized pre-

hospital trauma systems should be utilized because they improve the delivery of trauma 

care. Trauma systems with identified regionally-designated neuro-trauma centers 

(preferably Level I or Level II Trauma Centers) should be utilized for the acute care of 

individuals with TBI. Neuro-trauma centers should have a multidisciplinary trauma team, 

an in-house trauma surgeon, a promptly available neurosurgeon, a continuously staffed 

operating room, neuroscience nurses, a neuro-intensive care unit, a laboratory, and a CAT 

scanner immediately available at all times. Other team members should include 

orthopedists, radiologists, anesthesiologists, occupational therapists, physical therapists, 

and speech-language pathologists. Patients with M/S TBI are usually admitted to the 

intensive care unit initially and then progress to acute care units where they also should 

receive rehabilitation services. Once M/S TBI is identified, insurance carriers should 

develop programs to respond quickly to individuals with TBI and their families and/or 

support systems. In these instances, insurance carriers are encouraged to deploy on-site 

certified case managers (CCM) to assist treatment providers, individuals, and family 

and/or support system. 

ǒ ñAcute rehabilitationò - Comprehensive TBI-specialized inpatient interdisciplinary 

rehabilitation 

Following medical stability, individuals with M/S TBI should be transferred from acute 

hospital care to acute rehabilitation - in the form of a comprehensive TBI-specialized 

inpatient interdisciplinary rehabilitation program. Acute brain injury rehabilitation 

hospitals should have a specialty program that includes designated beds for patients with 

brain injuries, designated staff with interdisciplinary management protocols, designated 

treatment areas, specialized therapy programs tailored to specific patient and/or family 

needs, equipment prescription and procurement expertise, and a sufficient number of 

individuals with TBI to constitute peer and family education and support milieu. Acute 

rehabilitation hospitals should be accredited by the Joint Commission on Accreditation of 

Healthcare Organizations (Joint Commission) and have components consistent with the 

Commission on Accreditation of Rehabilitation Facilities (CARF). CARF eligibility 

implies that programs meet specific care standards of design and efficacy. (Refer to 

Section F.5.a, Comprehensive TBI-specialized inpatient interdisciplinary rehabilitation 

programs.) It should be understood that Medicare CMS regards all programs after acute 

care as ñpost-acute,ò including acute care inpatient rehabilitation hospitals. Some acute 
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care inpatient rehabilitation hospitals are licensed as inpatient rehabilitation facilities 

(IRF) by CMS, others are licensed as long-term acute care hospitals. 

¶ Post-acute rehabilitation 

Most patients with M/S TBI will require post-acute rehabilitation following a stay at a 

comprehensive TBI-specialized inpatient interdisciplinary rehabilitation hospital. Post-

acute rehabilitation should not be used in lieu of comprehensive TBI-specialized inpatient 

interdisciplinary rehabilitation programs as described above. These post-acute 

rehabilitation programs include skilled nursing facilities (SNFs), outpatient rehabilitation, 

residential or transitional living rehabilitation, neuro-behavioral treatment programs, 

home- and community-based programs, and formal occupational rehabilitation programs. 

Alcohol, substance abuse, opioid, chemical, or more specific psychiatric treatment 

programs may also be necessary. The most appropriate post-acute rehabilitation program 

is dependent on the individualôs needs following inpatient hospital rehabilitation, as well 

as proximity and availability of services, family and/or support system dynamics, and 

projected long-term outcomes. Individuals with significant deficits or who require 

behavioral treatment or supervision for safety may require neurobehavioral residential 

rehabilitation. Other individuals may be able to use a combination of home- and 

community-based rehabilitation and outpatient or day treatment rehabilitation. Refer to 

Section F.5, Interdisciplinary rehabilitation programs, for more information on these 

programs.  

¶ Long-term acute care hospital (LTCH/LTACH) programs  

Some individuals will be unable to participate in a full inpatient program immediately 

following acute care because of medical instability; he/ she may need an LTCH for a 

period of time prior to entering a comprehensive TBI-specialized inpatient 

interdisciplinary rehabilitation program. LTCH is a designation by the Centers for 

Medicare and Medicaid Services for LTCH and rehabilitation hospitals whose average 

length of stay is greater than 25 days. They generally are used for medically complex 

patients who require long-stay hospital-level care. LTCHs provide specialized care 

services, including skilled nursing care, to manage medical conditions so that individuals 

with catastrophic or acute illnesses/injuries may progress toward entry into full 

rehabilitation programs. LTCH programs should be accredited by the Joint Commission. 

LTCH rehabilitation is generally accepted but should not be used in lieu of comprehensive 

TBI-specialized inpatient interdisciplinary rehabilitation programs. When managing 

patients and families coping with severe TBI, LTCH programs should have minimal 

competencies for all disciplines appropriate to manage TBI related neurological, medical, 

and rehabilitative needs until patients are stable enough to be transferred to an acute 

specialized inpatient rehabilitation program as described above. Some comprehensive 

TBI-specialized inpatient interdisciplinary rehabilitation programs are licensed as LTCHs. 
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Consumers are encouraged to research rehabilitation programs, regardless of their 

licensing designation. 

ǒ Long-term support care 

Across patients, the extent of long-term outcomes following TBI is diverse, ranging from 

virtually complete independence and function to severe and permanent disability. 

Therefore, the range of necessary services is complex and individualized. In almost all 

cases, patients with M/S TBI should have received post-acute rehabilitation before long-

term support care. Following post-acute rehabilitation, some individuals with M/S TBI 

will require significant care and supervision in order to perform ADLs safely. This can be 

done either at home by family and/or support system members with appropriate training or 

attendant care, in a skilled nursing care facility, or in a long-term supported living 

residential program. (Refer to Sections F.5.i, Supported living programs or long-term care 

residential services, or F.5.b, Sub-acute skilled nursing facilities.) Individuals may also 

benefit from periodic re-evaluations based on condition and needs. (Refer to Section H, 

Maintenance management.) Long-term care programs should have components consistent 

with certification by CARF, as CARF eligibility or certification implies that programs 

meet specific care standards of design and efficacy. 
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E. Diagnosis 

E.1 Initial diagnostic procedures  

E.1.a History of injury  

In order to establish the TBI diagnosis and treatment plans/goals, it is a generally accepted and 

widely used practice for a qualified practitioner to obtain a thorough history of the injury. 

Recommended data obtained in the history-taking generally should include:  

ǒ Identification data: Identification data should include name, address, age, gender, and 

marital/relationship status. 

ǒ Precipitating event: Information regarding the detailed circumstances of the TBI should 

include where and when the injury occurred, how the injury occurred, what the individual 

was doing at the time of the injury, and what happened. This may necessitate acquiring 

information from other sources if the patient does not have full recall. Reports from first 

responders should be obtained. If possible, collaborative information (e.g., witnesses, 

paramedic report, etc.) should be obtained to seek details of the event and the injured 

personôs behavioral and cognitive responses immediately following the injury. The 

presence of alcohol and/or drug use at or prior to the time of the injury should be noted. 

All of this history should be used when establishing the presence of a TBI caused by a 

work-related event. 

If the injury occurred as a result of a motor vehicle crash, information should be obtained 

as to: the speed of the vehicle; position or location of the injured worker; use of restraints 

or helmet; degree of damage to the vehicle; all other involved vehicles, if known; 

involvement of EMS system, if any; and acute or sub-acute accident-related physical 

complaints or injuries, including other people involved, if known. The crash outcome 

regarding non-TBI complaints/injuries may enhance an understanding of the forces 

involved in the accident and will minimize the possibility of unrecognized physical injury. 

The accident report and any police records should be obtained and reviewed if available.  

If the injury occurred as a result of a fall, information should be obtained regarding the 

type of fall, distance of the fall, type of surface, etc. The goal is to provide a review of the 

biomechanical forces involved in the event.  

ǒ Alteration in consciousness: History should include a review of chief complaints, 

presenting problems, and symptoms, with the goal of obtaining additional information 

regarding the alteration of consciousness associated with the index injury. Generally 

accepted data should include information about duration of alteration of mental status, 

including consciousness, degree and length of retrograde and PTA, as well as cognitive, 

behavioral, and physical impairments, with collateral sources of information when 
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possible. Information should be collected regarding various time intervals for the 

following: 

o Current status: This is a report of the individualôs current condition, symptoms, 

complaints, functional problems, etc. 

o Initial status: This is a report of the individualôs neurological condition at the time of 

the injury, symptoms, complaints, functional problems, etc. The GCS, when 

performed in the field and the emergency department, may aid in grading the severity 

of TBI. Serial GCS scores may be helpful when intoxication may be a factor. It may 

be helpful to ask the patient to describe in detail the first event they remember after the 

injury in order to assess PTA or loss of time sequence and what events they remember 

immediately prior to the injury (Ruff et al., 2009). When evaluating alteration in 

mental state at the time of the injury, it is also important to consider the individualôs 

emotional reaction to the distressing event. As a practical example, the provider should 

contemplate whether the feeling of ñbeing dazedò could be a manifestation of 

emotional numbing. It is possible to have dazing due to TBI including emotional 

reactions (e.g., numbing and/or detachment) or even acute pain in relation to the event. 

o Evolution of neurological status: This is a report of change in the individualôs recovery 

between the time of the injury and the present, including symptoms, complaints, and 

functional problems. The individualôs report of when he/she was able to return to 

independent activity is relevant to understanding the course of the injury. A family 

and/or support system memberôs history of the patientôs ability to perform his/her 

usual duties is often helpful. Other measures of functional activity that are 

standardized and can be repeated during treatment may also be useful.  

ǒ Review of medical records: In addition to the individualôs self-report, practitioners should 

attempt to obtain and review any external sources of data, including police reports, 

ambulance reports, emergency department records, eyewitness reports, pre-injury medical 

records, etc. The practitioner should utilize this information to establish or verify the 

probable degree of trauma involved in the incident and the consistency between these 

reports and current symptoms. 

ǒ Medical/health history: Taking a history is a generally accepted practice and should 

include a history of past and current illnesses, injuries, previous TBIs or other disabilities, 

seizures/epilepsy, stroke, cerebrovascular disease, developmental/intellectual disabilities, 

neurodegenerative disorders, any previous intracranial pathology (such as infections, 

tumors, congenital malformations), pain, previous surgeries of any kind, mental health and 

medication history, sleep disorders, educational history, and other medical/health data. A 

report from family and/or support system members or other persons knowledgeable about 



 

 

Moderate/Severe Traumatic Brain Injury ï Referenced Version Exhibit Page Number 30 

 

the individual with TBI relevant to pre-injury as compared to post-injury function should 

be obtained. 

ǒ Activities of daily living (ADLs): A thorough history should be taken of daily activities. 

Basic ADLs include: self-care and personal hygiene, communication, ambulation, 

attaining all normal living postures, travel, non-specialized hand activities, sexual 

function, sleep, and social and recreational activities. Instrumental activities of daily living 

(IADLs) are complex self-care activities that may be delegated to others (e.g., financial 

management, medications, meal preparation). This assessment should delineate the 

changes in the individualôs ability to perform ADLs prior to and after the injury and any 

assistance needed from family members or others.  

ǒ Family history: Family history should include psychiatric, including substance use and 

abuse, medical-legal involvement, and medical history of illness or disability within the 

family that is relevant to the individualôs condition. 

ǒ Social history 

o Living situation: This should include marital history, family and/or support system 

members, household makeup, significant others, etc. 

o Occupational history: This should include the name of the individualôs current 

employer, job title, primary job duties, special licenses or certifications, length of 

employment, prior places and dates of employment, and previous work-related injuries 

and their outcomes. 

o Developmental history: This should include educational history, highest level of 

education obtained, learning disabilities or disorders, any developmental delay, abuse, 

or neglect, etc.  

o Avocations: This should include common non-occupational activities, including 

leisure activities such as sports, hobbies, and personal interests. 

o Substance use history: This should be obtained (particularly if there is data to suggest 

substance abuse was involved in the injury) along with information related to the 

amount and duration of alcohol, drug, and marijuana use, licit and illicit, including 

prescription drug use and/or abuse. 

o Legal history: DUIs, violence, speeding/reckless driving violations, and other 

medical/legal issues. 

ǒ Review of systems: This is a generally accepted practice and should include a complete 

review of body systems and functions.  
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ǒ Pain diagnosis: This is recommended, especially during the first visit to document all body 

parts involved. This should include a pain diagram completed by the patient, if able. 

ǒ Psychiatric history: Psychiatric history should be assessed at the initial visit and at follow-

up visits. Depression and anxiety are common conditions pre-injury and following TBI, 

and symptoms may be subtle or unapparent unless directly assessed. Individuals may not 

always present with complaints of sadness or anxiety, but instead they may express feeling 

other symptoms that are commonly seen in clinical depression or anxiety, particularly 

disturbances of sleep and energy. Many individuals also tend to focus on somatic 

complaints that do not always correlate with objective findings. Therefore, it is crucial to 

question the individual, family and/or support system, and pre-injury medical records 

about significant changes in appetite, sleep disturbances (including nightmares), decreased 

interest in pleasurable activities, loss of energy, diminished ability to think or concentrate, 

irritability, suicidal ideation, history of suicide attempts, psychiatric hospitalizations, 

mental health treatment, and feelings of emptiness, worthlessness, and excessive guilt. 

E.1.b Physical examination 

This is a well-accepted practice and should be performed by a qualified practitioner. A thorough 

trauma exam should be done during the initial exam and the first follow-up visit to ensure all 

complaints are addressed. The exam should include a complete cervical spine exam.  

E.1.c Neurological examination 

A neurological examination should be performed by a qualified practitioner and should include a 

mental status examination. A comprehensive neurological examination includes, but is not limited 

to, mental status, cranial nerves, motor status, sensory status, balance and coordination, and gait 

and station. The mental status examination involves both formal and informal observations. It 

includes observations about the individualôs presentation, social/behavioral decorum, personal 

hygiene, ability to provide a history, and ability to follow directions. A formal (structured) 

cognitive examination should be performed to the extent indicated by the situation. It includes an 

assessment of the individualôs alertness, orientation, attention, concentration, memory, affect, 

mood, thought process and content, language, ability to perform simple calculations, and higher 

order assessments of reasoning, judgment, and insight (Guskiewicz, Perrin, & Gansneder, 1996; 

Guskiewicz & Register-Mihalik, 2011). Using a standard approach for all visits assists serial 

functional assessment. 

E.1.d Neuropsychological evaluation 

This is the evaluation of cognitive processes and behavior using psychological and 

neuropsychological testing to assess central nervous system function and to diagnose specific 

behavioral or cognitive deficits or disorders. Neuropsychological assessments are generally 

accepted and widely used as a valuable component of the diagnosis and management of 
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individuals with TBI. They include sensitive tests that are used to detect cognitive deficits, 

severity of impairment, and improvement over time. Neuropsychological assessment assists in the 

differential diagnosis of neurobehavioral disorders and the cumulative effect of multiple TBIs. 

Neuropsychological assessments may be utilized to formulate how the individual's underlying 

TBI impacts behavior and the ability to function effectively in daily life. These assessments are 

also used as a basis for formulating rehabilitation strategies and may provide information related 

to prognosis and outcome.  

Neuropsychological assessments utilize standardized testing procedures. Test reliability and 

validity are important considerations. Examiners should be aware that abnormal cognitive 

function may occur in the setting of chronic pain, psychological disorders, sleep deprivation, 

medication use, malingering, developmental/intellectual disabilities, acute or chronic substance 

abuse, and comorbid or pre-existing cognitive or neurologic disorders. In cases where comorbid 

diagnoses are suspected, formal psychological evaluation should accompany the 

neuropsychological battery to assist in characterization and differentiation of diagnoses. Multiple 

sources of data (self-report information, medical history, Emergency Medical Services [EMS] 

records, psychosocial history, family report, etc.) are integrated with test performance factors to 

draw inferences about brain-behavior relationships. The individualôs cultural background, race, 

age, primary language and developmental and educational history should be considered. 

Neuropsychological testing may not be valid when English is not the patientôs primary language. 

When practical, educational records including history of learning disability should be obtained 

and reviewed. 

The specific neuropsychological tests used may vary according to the symptom presentation of 

the individual and the purpose of the evaluation. Tests usually assess the following cognitive 

domains: level of orientation, attention, language, memory, praxis, executive function, speed of 

processing, visual-spatial ability, recognition, personality, and function. All reports should include 

a clinical interview that notes the patient and family medical / psychiatric / substance abuse 

history, developmental milestones, educational history, psychosocial issues, and current medical 

conditions and treatment. Interpretation of these tests should always discuss the impact of 

information from the clinical interview that might affect test results, such as medications causing 

confusion or drowsiness, lack of sleep, anxiety, depression, and similar issues. 

In the acute setting, neuropsychological consultation and assessment in M/S TBI is indicated for: 

ǒ determining emergence from post-traumatic amnesia (PTA); 

ǒ documenting the early course of improvements in attentional functioning, memory, visual-

perceptual abilities, language, and executive functions. This information may be utilized in: 

o treatment planning and team consultation; 

o family and/or support system education/support and use of community services; 
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o education for developing insight and use in supportive psychotherapy; 

ǒ educating and counseling patients with pre-existing psychological issues or other history 

predisposing to delayed recovery. 

During the sub-acute phase, when cognitive/physical stamina is reduced, availability for testing 

may be limited due to medical priorities and other rehabilitation commitments. 

Selective neuropsychological testing may be indicated to: 

ǒ identify cognitive strengths and weaknesses; 

ǒ design treatment plans such as psychotherapy; 

ǒ educate the individual and family and/or support system about TBI; 

ǒ assess or recommend behavioral management interventions. 

During this time, test selection will be dependent on the individualôs neurobehavioral status and 

other aspects of his/her medical condition. 

Neuropsychological testing is often undertaken to identify treatment goals and to monitor 

progress over time. During this phase, descriptive psycho-educational testing is commonly 

performed in rehabilitation by speech-language pathologists and occupational therapists. 

Administration of a full neuropsychological test battery is not indicated in moderate/severe cases 

until the individual with TBI has clearly emerged from PTA. Administration of a full battery of 

neuropsychological tests should not be initiated until attentional functioning has improved to the 

point where such extensive testing will be meaningful and contribute to long-term treatment 

planning and rehabilitation. 

Post-acute testing: Once the individualôs behavior has improved from attentional disturbance, 

lack of sleep, pain from other injuries, and neurobehavioral disinhibition to the point where valid 

test data may be obtained, testing with a full neuropsychological test battery is appropriate. 

E.1.e Neurodiagnostic tests 

E.1.e.1 Imaging procedures 

E.1.e.1.1 Skull x-rays 

These are well-established diagnostic tools used to detect a fracture of the cranial vault.  

Skull x-rays are generally accepted only if CT scans are not available or in cases where there is 

only a low suspicion of intracranial injury.  
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E.1.e.1.2 Computed axial tomography (CT) 

For acute brain trauma, iodine contrast enhancement is not necessary. CT scans are noninvasive 

and will reveal the presence of blood, skull fracture, and/or structural changes in the brain. They 

do, however, expose the patient to higher doses of ionizing radiation than skull radiographs. CT 

scans provide somewhat limited information compared to MRI about intrinsic cerebral damage 

involving deep brain structures, although many types of intrinsic damages can be seen on CT 

scans. 

CT is a well-established brain imaging x-ray study comprised of a mathematical reconstruction of 

the tissue densities of the brain, skull, and surrounding tissues. CT scans require the use of 

computer-based scanning equipment.  

CT scans are widely accepted for acute diagnostic purposes and for planning acute treatment. 

They are the screening image of choice in acute brain injury and are used to assess the need for 

neurosurgical intervention.  

If fractures are suspected, CT scanning is preferred over skull x-rays because of its much higher 

sensitivity and accuracy and its ability to identify clinically significant fractures as well as 

potentially co-existent contusions or hemorrhages. 

CT scans are recommended for abnormal mental status (GCS less than 13 on admission), focal 

neurologic deficits, or acute seizure. CT scans are recommended for the following patients 

(Amyot et al., 2015; MDCalc, 2018): 

ǒ High risk 

ƺ GCS less than 15 at two hours post-injury; 

ƺ suspected open or depressed skull fracture; 

ƺ any sign of basilar skull fracture (e.g., hemotympanum, raccoon eyes, Battleôs Sign, 

CSF oto-/rhinorrhea); 

ƺ greater than or equal to two episodes of vomiting; 

ƺ age equal to or greater than 60. 

ǒ Other risk 

ƺ retrograde amnesia to the event greater than or equal to 30 minutes; 

ƺ ñdangerousò mechanism (e.g., pedestrian struck by motor vehicle, occupant ejected 

from motor vehicle, fall from greater than three feet or more than five stairs); 

ƺ coagulopathy, including use of use of anticoagulant medication; 

ƺ focal neurologic deficits; 
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ƺ acute seizure; 

ƺ severe and persistent headache; 

ƺ physical evidence of trauma above the clavicles and/or multiple trauma and/or basilar 

skull fracture; 

ƺ drug or alcohol intoxication; 

ƺ any recent history of TBI, including mTBI. 

E.1.e.1.3 Magnetic resonance imaging (MRI) 

MRI is a well-established brain imaging study for patients with TBI in which the individual is 

positioned in a magnetic field and a radio-frequency pulse is applied. Hydrogen proton energy 

emission is translated into visualized structures. Altered signal intensity compared to normals may 

indicate trauma or other disease.  

 

CT is superior to MRI in detecting acute intracranial bleeds and remains the preferred initial 

imaging study in the first 24 hours following TBI.  

 

Initially, MRI scans are clinically useful in the following situations to: 

 

ǒ determine neurological deficits in TBI not explained by CT; 

ǒ evaluate prolonged intervals of disturbed consciousness or other prolonged alteration in 

mental status; 

ǒ define evidence of acute changes super-imposed on previous trauma or disease. 

MRI scans are also useful to assess transient or permanent changes, to determine the etiology of 

subsequent clinical problems, and to plan treatment. 

MRI may reveal an increased amount of pathology compared to CT. Due to their high contrast 

resolution, MRI scans are superior to CT scans for the detection of some intracranial pathology 

(e.g., axonal injury, subtle cortical contusions, small extra-axial fluid collections, etc.) but not 

bone injuries such as fractures. MRI is more sensitive than CT for detecting traumatic cerebral 

injury.  

Specific MRI sequences and techniques are very sensitive for detecting acute traumatic cerebral 

injury. They may include, but are not limited to: diffusion weighted imaging (DWI), susceptibility 

weighted imaging, gradient echo weighted imaging, and fluid attenuated inversion recovery 

(FLAIR). Some of these techniques are not available on an emergency basis. 
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E.1.e.2 Vascular imaging tests 

Vascular imaging tests reveal arterial or venous abnormalities in the chest, neck, head, or 

extremities (e.g., thrombosis, dissection, spasm, emboli, or tearing).  

 

These tests are generally used if standard CT/MRI scans fail to demonstrate suspected vascular 

abnormalities. They may be useful in M/S TBI as an adjunct to aforementioned studies. (Refer to 

Section E.1.e.1, Imaging procedures, under Skull x-rays, Computed axial tomography (CT), and 

Magnetic resonance imaging (MRI).) Often, patients with clinical signs of blunt trauma to the 

neck or with a significant mechanism of injury require imaging to detect injuries to the carotid or 

vertebral arteries that cannot be diagnosed on physical exam.  

Generally accepted procedures include: 

ǒ CT angiography (CTA): At the time of this guideline, this is the most common and 

accepted test for screening patients for injuries to the carotid or vertebral arteries in the 

acute setting of trauma or focal neurologic (stroke like) symptoms. CTAs are noninvasive 

tests that are readily available in essentially all emergency rooms that treat patients with 

traumatic injuries. They can be obtained rapidly, often just subsequent to the screening CT 

head exam. They provide excellent 2D and 3D imaging of the vessels from the aortic arch 

to the skull vertex and also show the relationship of those vessels to surrounding bones 

and soft tissues. Some limitations include poor vessel opacification if the timing of the 

study is incorrect, artifact from dental hardware and the skull base, and patient motion. 

CTAs should generally only be performed on scanners with at least 16 detectors, with 64 

being the preferable number of detectors. CT venography (CTV) is the most commonly 

utilized technique to evaluate the dural venous sinuses for injury in a trauma setting. 

ǒ Arteriography: Arteriography is generally accepted when the above noted traumatic 

vascular abnormalities are suspected but unproven with the techniques discussed thus far 

or when further investigation of the vascular lesion is necessary. This is particularly true 

with arteriovenous fistulous change. 

ǒ Venography: This is generally accepted if increased venous flow and pressure are 

suspected and still undemonstrated. This is done via either the jugular or orbital venous 

system. 

ǒ Noninvasive vascular assessment (NIVA): NIVA is the least invasive procedure and may 

demonstrate direction of blood flow and general patency of the carotid and vertebral 

arterial systems in the neck but not in the head. 

ǒ Magnetic resonance angiography (magnetic resonance arteriography [MRA] / magnetic 

resonance venography [MVA ]): This is indicated when vessel changes are suspected but 

not demonstrated by other simpler tests. Internal obstruction of an artery may be 
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demonstrated (e.g., thrombosis, spasm, dissection, neck injury, or emboli from 

concomitant injuries). Arterial compression due to external pressure may be demonstrated 

(e.g., bony fracture or mass effect from a large intra-axial hemorrhage or cerebral edema). 

Dissection or arteriovenous fistula formation may be seen, but as with other vascular 

abnormalities, conventional contrast arteriography/venography may be needed to confirm 

or refute the MRA or MRV findings. The source for intra- or extra-axial bleeding may be 

seen. Intracerebral dural venous sinus thrombosis, as well as poor venous return may be 

demonstrated by MRA or MRV. 

Brain acoustic monitor: This device identifies turbulent blood flow in the brain. It is considered 

investigational for the purpose of detecting deficits requiring CT scanning in the emergency 

room. Based on the evidence listed in the table below, it is not recommended at the time of this 

guideline (Dutton et al., 2011). 

Evidence against use of a brain acoustic monitor as an initial diagnostic procedure for TBI 

Some evidence Evidence statement Citation Design 

 A Brain Acoustic Monitor 

cannot reliably predict the 

development of post-

concussive symptoms. 

(Dutton et al., 2011) Diagnostic cohort 

study 



 

 

Moderate/Severe Traumatic Brain Injury ï Referenced Version Exhibit Page Number 38 

 

E.2 Further diagnostic procedures 

E.2.a Electrodiagnostic studies 

These are limited to electromyogram (EMG), nerve conduction studies, and multisensory evoked 

potentials including visual evoked potentials (VEP), somatosensory evoked potentials (SSEP), 

and brain stem auditory evoked responses (BSAER). 

E.2.a.1 EMG and nerve conduction studies 

These are generally accepted, well-established diagnostic procedures. These studies may be useful 

for individuals with brain injury and EMG associated suspected peripheral nervous system 

involvement. They are often used to differentiate peripheral versus central spinal cord or brain 

deficits. These electrodiagnostic studies are possibly complementary to other imaging procedures 

such as CT, MRI, and/or myelography. These studies provide useful correlative 

neuropathophysiologic information that is unattainable from standard radiologic studies. 

E.2.a.2 Electroneuronography (EnoG) 

EnoG is a well-established and generally accepted test that measures facial nerve function. This 

test measures the action potential of different branches of a facial nerve. It is used in individuals 

with TBI resulting in a facial paralysis and is key in determining the need for surgical 

intervention. This test is most useful within the first three weeks of facial nerve dysfunction. If the 

action potentials on the affected side are 90ï100% less than those on the normal side, it suggests 

significant injury to the nerve and calls for surgical exploration. Individuals with TBI whose 

nerve is less than 90% decreased in function have a reasonably good outcome with observation 

alone. 

E.2.a.3 Dynamic electromyographies 

These are electrodiagnostic studies utilized to distinguish the voluntary capacity of a muscle from 

a spastic reaction. This aids the clinician in better planning specific rehabilitative treatment. This 

study is helpful in the differential diagnosis and diagnostic work-up of disordered muscle tone. 

This is a generally accepted procedure. 

E.2.a.4 Evoked potential responses (EP)  

EPs are generally accepted, well-established diagnostic procedures. EPs are central nervous 

system electrophysiologic responses to a stimulus, either externally generated via one or more 

sensory modalities or internally generated via the processing of information. Multisensory EP 

studies are limited to visually evoked potentials, brain stem auditory evoked potentials, 

somatosensory evoked potentials, and cognitive evoked potentials. In M/S TBI, including 

vegetative state (unresponsive wakefulness syndrome or UWS) and/or minimal conscious state 



 

 

Moderate/Severe Traumatic Brain Injury ï Referenced Version Exhibit Page Number 39 

 

(MCS), there is some utility in the use of these studies for differential diagnosis, prognosis, and to 

determine an individualôs more specific level of neurologic functioning. 

E.2.a.4.1 Auditory brainstem response (ABR) 

ABR is a generally accepted diagnostic procedure useful in assessing damage to the brain stem, 

midbrain, and other neural structures that govern hearing and/or balance. A normal test does not 

rule out structural damage, and the test may be abnormal in middle ear and non-traumatic disease 

affecting the auditory pathway. Waves one, three, and particularly five are most useful in 

assessing injury. While amplitude and the presence of wave are important, the latency and 

interwave latency are equally important. This test is often sensitive but non-specific. It may be 

useful in some cases. It requires prior authorization . 

E.2.a.4.2 Electroretinogram (ERG) 

ERG is a generally accepted diagnostic procedure for occult retinal trauma accompanying TBI. 

Most traumatic retinal pathology presents as a field deficit detected by direct examination. ERG 

cannot detect mild changes in retinal function, and normal results should not be taken as evidence 

against ocular dysfunction. ERG requires prior author ization. 

E.2.a.4.3 Cognitive event-related potential 

This is an acceptable diagnostic procedure for M/S TBI. It may be justified if other neurological 

diagnoses are suspected. It requires prior authorization .  

E.2.a.4.4 Somatosensory evoked potential (SSEP) 

SSEP is a generally accepted diagnostic procedure for M/S TBI. It may be used when other 

diagnoses are suspected. It requires prior authorization .  

E.2.a.4.5 Visual evoked potential (VEP) 

VEP is a generally accepted diagnostic procedure. Pattern reversal monocular VEP recording may 

detect pathology in the anterior-posterior visual pathway from the retina to the occipital cortex. It 

may be indicated in the event of compromised acuity or visual field defect. The VEP may 

occasionally be normal in cases of severe structural damage if there is enough preserved central 

visual field. Unfortunately, VEP is highly susceptible to artifact and has a low specificity for 

structural injury to the visual pathways. Therefore, prior authorization  is required.  

E.2.a.4.6 Vestibular evoked myogenic potentials (VEMP) 

Refer to Section E.2.i.3.6, VEMP, in the Neuro-otology section.  
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E.2.b Electroencephalography 

E.2.b.1 Electroencephalography (EEG) 

EEG is a well-established diagnostic procedure that monitors brain wave activity using scalp 

electrodes and provocative maneuvers such as hyperventilation and photic strobe for the purpose 

of seizure diagnosis. Information generated includes alterations in brain wave activity such as 

frequency changes (non-specific) or morphologic (seizures). EEG is not generally indicated in the 

immediate period of emergency response or during acute evaluation and treatment. Following 

initial assessment and stabilization, the individualôs course should be monitored. If during this 

period there is failure to improve or the medical condition deteriorates, an EEG may be indicated 

to assess seizures, focal encephalopathy due to persistent effects of hemorrhage, diffuse 

encephalopathy due to the injury, or other complicating factors such as hydrocephalus or 

medications. A normal EEG does not definitively rule out a seizure disorder. If there is sufficient 

clinical concern that a seizure disorder may exist despite a normal EEG, then a 72-hour 

ambulatory EEG or inpatient video-EEG monitoring may be appropriate. 

E.2.b.2 Quantified electroencephalography (QEEG) (Computerized EEG) 

QEEG is a modification of standard EEG using computerized analysis of statistical relationships 

between power, frequency, timing, and distribution of scalp recorded brain electrical activity. 

These statistically generated values are then compared to those recorded from selected control and 

specific populations, generally using multiple regression analysis of multiple measurements and 

calculated parameters.  

Recent studies suggest that in the future, QEEG may become a useful tool in the retrospective 

diagnosis of TBI and its severity, but this application remains investigational (Arciniegas, 2011; 

Coburn et al., 2006). In M/S TBI, the results of QEEG are almost always redundant when 

traditional electroencephalographic, neurologic, and radiologic evaluations have been obtained. 

QEEG is not recommended for diagnosing mTBI or M/S TBI . 

E.2.c Neuroimaging 

Practitioners should be aware of the radiation doses associated with various procedures. 

Coloradans have a background exposure to radiation, and unnecessary CT scans or x-rays 

increase the lifetime risk of cancer death (Hendrick et al., 2011). 

E.2.c.1 Structural imaging 

E.2.c.1.1 Computed axial tomography (CT) 

CT may be used to follow identified pathology or to screen for late pathology. Subsequently, CT 

scans are generally accepted when there is suspected intracranial blood, extra-axial blood, 

hydrocephalus, altered mental state, or a change in clinical condition, including development of 
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new neurological symptoms or post-traumatic seizure (within the first days following trauma). 

Once the initial acute stage has passed, MRI scans are frequently ordered as opposed to CT. 

A systematic review concluded that routine CT repetition rarely identified conditions needing 

surgical intervention (Stippler et al., 2012). Nevertheless, risk factors for a further bleed or 

neurological deterioration from the following conditions would warrant repeat CTs:  

ǒ skull fracture, 

ǒ coagulopathy or anticoagulation, 

ǒ age over 60, 

ǒ epidural hematoma, 

ǒ suspected open or depressed skull fracture,  

ǒ continuing severe headache,  

ǒ moderate to severe TBI (Stippler et al., 2012), and 

ǒ continuing TBI symptoms. 

E.2.c.1.2 Magnetic resonance imaging (MRI) 

MRI is the image of choice to detect the late, sub-acute, and chronic structural changes in the 

brain which underlie abnormal functioning. It is a well-accepted technique for follow-up imaging. 

Complications of TBI that may be explained by MRI include, but are not limited to: post-

traumatic epilepsy, post-traumatic movement disorder, post-traumatic cranial neuropathy, post-

traumatic infection, or failure to recover within the expected time frame. (Refer to Section E.2.c.3, 

Advanced MRI techniques, for more advanced imaging.) 

Diffusion tensor imaging (DTI), susceptibility-weighted imaging, and magnetic transfer imaging: 

DTI may be useful for identifying pathology and guiding treatment in patients with documented 

physiological deficits, such as hemianopsia (Yeo, Kim, Kim, Kim, & Jang, 2012), but 

interpretation of results is very dependent upon the experience and skill of the neuroradiologist. 

DTI may be used when an accompanying MRI is ordered for purposes other than diagnosing 

mTBI. 

E.2.c.2 Dynamic imaging 

In contrast to anatomical imaging procedures, the following procedures are designated to detect 

physiologic activity of the brain, including cerebral blood flow and cerebral metabolism. Both 

PET and SPECT scans can subject the patient to significant radiation levels (Shetty et al., 2016). 

Prior authorization  is required for these procedures. 

E.2.c.2.1 Single photon emission computed tomography (SPECT) 

SPECT is not generally accepted as a diagnostic test for TBI of any severity and is considered 

investigational for diagnostic purposes. It is a functional image of the brain created by a flow 

tracer or a receptor-binding substance tagged with a radionuclide and injected intravenously into 
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the individual. The radiotracer is assumed to accumulate in different areas of the brain 

proportionately to the rate of delivery of nutrients to that volume of brain tissue. Using a gamma 

camera and the techniques of CT, a 3-D image of the distribution of a radionuclide in the brain is 

obtained. SPECT may identify areas of decreased perfusion and provide a qualitative estimate of 

regional cerebral blood flow (CBF), which correlates with metabolism in many neurologic 

disorders. There is a variable correlation of SPECT with other measures, such as 

neuropsychological test findings. Its interpretation should take into account its low specificity, 

making the predictive value of SPECT no better than CT (Gowda et al., 2006). 

For severe TBI, SPECT may be useful for individuals with prolonged low levels of 

responsiveness (i.e., persistent vegetative state), in cases of anoxia, or when additional data is 

needed.  

In all severities of TBI, prior authorization is required and it is recommended that medical 

necessity and clinical usefulness for this study be justified (Wintermark et al., 2015). 

E.2.c.2.2 Positron emission testing (PET) 

PET is a functional brain imaging procedure. A tracer molecule tagged with a positron-emitting 

radioisotope is injected into the body. Biodistribution of the tracer is imaged, producing 

information about local cerebral glucose utilization and cerebral perfusion. This procedure 

requires on-site access to a cyclotron.   

PET can reveal areas of decreased metabolism in the brain. In individuals with M/S TBI, PET 

findings are closely correlated with the site and the extent of cerebral dysfunction derived from 

neurological and neurobehavioral examinations. In all severities of TBI, it is recommended that 

medical necessity and clinical usefulness for this diagnostic study be justified. It is not generally 

accepted as a diagnostic study and should not be used solely to diagnose the presence of TBI. Any 

requested use requires prior authorization  (Belanger, Vanderploeg, Curtiss, & Warden, 2007; 

Wintermark et al., 2015). 

E.2.c.3 Advanced MRI techniques 

At the time of writing this guideline, all advanced MRI techniques are not recommended for 

diagnostic purposes (Douglas et al., 2015; Ellis et al., 2016; Ma, Zhang, Wang, & Chen, 2016; 

Toth, 2015). While they can identify anatomic physiologic variation, the changes cannot clearly 

be related to the need for specific treatment. In complex moderate/severe cases, they could be 

useful for surgical and other long-term planning. They require prior authorization  and 

justification of the medical necessity and clinical usefulness of the study. 

E.2.c.3.1 Magnetic resonance (MR) spectroscopy 

This is a noninvasive test that applies a burst of radio frequency energy to tissue inside an applied 

magnetic field. The resulting excitation and relaxation of nuclei generates a signal that carries 
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information about the chemical environment of those nuclei. MR spectroscopy may detect 

changes in levels of n-acetyl-aspartate, an intermediate in neurotransmitter synthesis that is 

present in large amounts in normal functioning neurons but is decreased in damaged brain tissue. 

Its spectral signal may correlate with neuronal integrity and function and may show loss of 

function in tissue, which appears normal on conventional CT or MRI studies. MR spectroscopy 

may increase the sensitivity of MR imaging for traumatic lesions. This sensitivity may allow for 

increased correlation to more specific neuro-cognitive deficits and guide treatment planning. It 

may be useful information in determining long-term outcome. MR spectroscopy remains 

predominantly a research tool at this time and should not be used solely to diagnose the presence 

of TBI. MR spectroscopy requires prior authorization  for patients with M/S TBI. It may be 

considered with adequate documentation of its medical necessity in unusual cases, such as in 

patients with a minimally conscious state, when the information will assist in clarifying the 

pathology to direct a therapeutic approach to the individual with TBI.  

E.2.c.3.2 Functional MRI (fMRI) 

This uses MRI to detect physiologic responses of brain tissue to various tasks. Blood oxygenation 

level dependent (BOLD) contrast is the most popular fMRI technique. It derives an image from 

differences in the magnetic properties, and therefore differences in MR decay parameters, of 

oxygenated and deoxygenated hemoglobin. A typical fMRI study compares images under two or 

more behavioral conditions, which may involve motor, cognitive, or visual tasks. Functional MRI 

studies have shown functional reorganization as a general response to TBI (Belanger et al., 2007). 

Alterations in patterns of cerebral activity seen on fMRIs may correlate with cognitive deficits in 

individuals with TBI, but the specificity of the test is not sufficient to make fMRI a diagnostic 

tool. At the time of this guideline, it is a research tool and not recommended for clinical use. 

Recent publications report problems with the mathematical formulas used, relating false positives 

and false negatives (Sanders, 2009). 

E.2.d Laboratory t esting 

Laboratory testing is a generally accepted, well-established procedure. In M/S TBI, extensive lab 

testing will be necessary to monitor electrolyte status, organ and endocrine functions, and other 

physiologic processes, depending on the medications used and the severity of the injury. Any 

individual with TBI on medication will require laboratory testing to monitor therapeutic drug 

levels and the effects on organ function. 

E.2.e Lumbar p uncture 

Lumbar puncture is a well-established diagnostic procedure for examining cerebrospinal fluid 

(CSF) in neurological disease and injury. The procedure should be performed by qualified and 

trained physicians under sterile conditions.  
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Lumbar puncture is contraindicated in acute trauma to the spinal column, certain infections, 

increased intracranial pressure due to space occupying lesions, and in some coagulation disorders 

or defects. Additionally, it should be avoided if there are cutaneous infections in the region of the 

puncture site. In individuals with suspected or known increased intracranial pressure, lumbar 

puncture should be preceded by fundoscopic examination and a CT scan or MRI. 

E.2.f Nerve blocks ï diagnostic 

These are generally accepted procedures involving percutaneous needle injection techniques to a 

specific nerve. These diagnostic blocks are typically performed with quick-acting, short duration 

local anesthetics such as lidocaine or bupivacaine. Temporary diagnostic nerve blocks evaluate 

limb ROM, dystonia, or spasticity and assist in planning subsequent, specific therapy. 

E.2.g Further neuropsychological assessment and testing 

Neuropsychological assessment after three months is appropriate in the following situations 

when: 

ǒ input is needed to plan treatment to maximize long-term cognitive and overall functional 

outcomes; 

ǒ documentation of accommodations is needed to establish adjustments to the 

neurocognitive challenges; 

ǒ assessment will assist in increasing insight and be used to assist with supportive 

psychotherapy; 

ǒ there is a question of the individualôs ability to perform work-related duties and/or there 

are safety issues (i.e., possible harm to self or others) or when the personôs vocation 

necessitates more extensive testing prior to vocational re-entry or return to school/training; 

ǒ assistance is needed with differential diagnosis including the diagnosis of TBI; 

ǒ it is deemed necessary to evaluate and/or monitor effectiveness of treatment approaches 

(i.e., cognitive rehabilitation therapy, somatic therapies, or medication trials) in specific 

individuals; 

ǒ the patientôs presentation is such that symptom validity testing and performance validity 

testing may be helpful in treatment planning; 

ǒ subjective complaints are disproportionate to the clinical history or objective findings as 

observed by provider(s); 

ǒ the degree of disability is disproportionate to the clinical history and objective findings as 

observed by provider(s); 

ǒ there are questions of competency, guardianship, or conservatorship. 
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Neuropsychological testing should be used to document the patientôs level of effort and to provide 

data regarding symptom validity. Testing should not be used to diagnose malingering.  

 

Neuropsychological testing may take into account validated testing in other areas without a direct 

relationship to psychological issues. 

Evidence statements regarding neuropsychological assessment 

Some evidence Evidence statement Citation Design 

 There is an association 

between poor effort on verbal 

memory tests and poor effort 

on computerized tests of 

postural stability in patients 

with TBI who are being 

evaluated for disability ratings. 

(Armistead-Jehle, 

Lange, & Green, 

2017) 

Retrospective 

review of 

consecutive charts 

 

The following information may aid in delineating when a full neuropsychological battery is 

necessary versus more limited testing: 

ǒ The administration of a full neuropsychological test battery after the acute period is 

appropriate in a number of situations when: 

o there are questions of competency, guardianship, or conservatorship; 

o developmental issues are interacting with a history of TBI (e.g., determining if age related 

memory or cognitive changes are impairing functioning in a person with a history of M/S 

TBI); 

o late complications develop that affect cognition and overall function (e.g., seizures, 

depression, anxiety disorders); 

o it is necessary to address any of the issues on the initial indications tests; 

o change in support system and ancillary support may require reevaluation of the patientôs 

status; 

o cognitive declines associated with aging need to be evaluated with symptom complaints 

and included in treatment recommendations; 

o the patient and family have questions/concerns about symptom management (with specific 

attention to future needs). 
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E.2.h Psychological, psychiatric, or psychosocial evaluations 

These are generally accepted and well-established diagnostic procedures with selective use in the 

TBI population. They have more widespread use after three months. Diagnostic testing may be 

indicated for individuals with symptoms of post-traumatic disturbances of sleep, mood, anxiety, 

psychosis, substance use, aggression/agitation, and pain, as well as depression, delayed recovery, 

chronic pain, recurrent painful conditions, and disability problems. An individual with a PhD, 

PsyD, or psychiatric MD/DO credentials may perform these evaluations if listed as an authorized 

user by the test publisher. Practitionersô familiarity with patients with TBI is preferred. 

Psychosocial evaluations can help to determine if further psychosocial or behavioral interventions 

are indicated for patients diagnosed with TBI. The interpretations of the evaluation can provide 

clinicians with a better understanding of the patient in his or her social environment, thus 

allowing for more effective rehabilitation. Psychosocial assessment requires consideration of 

variations in experience and expression resulting from affective, cognitive, motivational, and 

coping processes, as well as other influences such as gender, age, race, ethnicity, national origin, 

religion, learning disability, language, or socioeconomic status. 

A comprehensive psychological evaluation should attempt to identify both primary psychiatric 

risk factors (e.g., psychosis, active suicidality, lack of awareness) as well as secondary risk factors 

(e.g., moderate depression, job dissatisfaction) (Bruns & Disorbio, 2009). Significant personality 

disorders should also be taken into account in treatment planning.  

Psychometric testing is a valuable component of a consultation to assist the physician and other 

members of the treatment team in making a more effective treatment plan. Psychometric testing 

can assist in enhancing general medical outcomes and in predicting a patientôs likely adherence to 

and cooperation with medical treatment plans. 

Several meta-analyses have evaluated the occurrence of depression and anxiety with non-

penetrating TBI. Both anxiety and depression appear to occur at a rate about one-third higher than 

the general population (Osborn, Mathias, & Fairweather-Schmidt, 2014, 2016). Both conditions 

are likely to increase during the initial 2-5 years post-injury, although anxiety may decrease after 

five years (Osborn et al., 2014; Osborn, Mathias, & Fairweather-Schmidt, 2016). Mild and M/S 

TBI are both likely to suffer from psychological stress. Increased physical activity and decreased 

alcohol consumption may be useful to decrease symptoms (Osborn, Mathias, Fairweather-

Schmidt, & Anstey, 2016). One study found that pre-injury alcohol abuse and longer PTA 

predicted symptoms lasting longer than six months (Hart et al., 2014). 

Even in cases where no diagnosable psychological condition is present, these evaluations can 

identify social, cultural, coping, and other variables that may be influencing the patientôs recovery 

process and may be amenable to various treatments, including behavioral therapy.  
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ǒ Qualifications 

ƺ A psychologist with a PhD, PsyD, or EdD credentials or a physician with psychiatric 

MD/DO credentials may perform the initial comprehensive evaluations. 

ƺ Psychometric tests should be administered by psychologists with a PhD, PsyD, or EdD 

credentials or health professionals working under the supervision of a doctorate level 

psychologist. Administration and interpretation of psychological/neuropsychological 

measures must adhere to standards set forth by test publishers.  

ǒ Indications 

A psychological assessment may be necessary if symptoms do not correlate with a 

diagnosis of TBI. Complaints of cognitive dysfunction may also be associated with a 

variety of conditions that do not involve neurological disease, TBI, or mTBI. This 

includes conditions that may have been pre-existing or are concurrent, such as depression, 

anxiety, chronic pain, somatoform disorders, and factitious disorders. At times, a set of 

symptoms may not coincide with expected objective findings for those with a diagnosis of 

TBI. To identify non-neurological contributions to cognitive or other functional 

complaints, a psychological evaluation focusing on mental disorder diagnoses is 

appropriate when: 

ƺ delayed recovery is present, 

ƺ there is delayed access to appropriate care, 

ƺ there is a question of whether a brain injury has occurred,  

ƺ neuropsychological testing yields a pattern of test results that is not consistent with the 

clinical history, 

ƺ neurologically improbable symptoms are present, or 

ƺ it is necessary to assess for accompanying psychological components. 

ǒ Clinical evaluation 

Special note to health care providers: Most providers are required to adhere to the federal 

regulations under the Health Insurance Portability and Accountability Act (HIPAA). 

Unlike general health insurers, workersô compensation insurers are not required to adhere 

to HIPAA standards. Thus, providers should assume that sensitive information included in 

a report sent to the insurer could be forwarded to the employer. The Colorado statute 

provides a limited waiver of medical information regarding the work-related injury or 

disease to the extent necessary to resolve the claim. It is recommended that the health care 

provider either (1) obtain a full release from the patient regarding information that may go 

to the employer or (2) not include sensitive health information that is not directly related 
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to the work-related conditions in reports sent to the insurer. 

 

The clinical evaluation should address the following areas: 

ƺ History of injury 

The history of the injury should be reported in the patientôs words or using similar 

terminology. Certified medical interpreters are preferred. Collateral information 

should be obtained as appropriate. This may include family, support systems, 

witnesses, and EMS records. 

ƴ nature of injury 

ƴ psychosocial circumstances of the injury 

ƴ current symptomatic complaints 

ƴ extent of medical corroboration 

ƴ treatment received and results 

ƴ compliance with treatment 

ƴ coping strategies used, including perceived locus of control, catastrophizing, and 

avoidance behaviors 

ƴ perception of medical system and employer 

ƴ history of response to prescription medications 

ƴ medication history related to this injury 

ƺ Health history 

ƴ nature of injury 

ƴ medical history 

ƴ psychiatric history 

ƴ history of alcohol or substance abuse, including abuse of prescription medication 

ƴ ADLs 

ƴ previous injuries, including disability, impairment, and compensation 

ƴ complete medication history, including prescription and over-the-counter 

medications 
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ƺ Psychosocial history 

ƴ childhood history, including abuse/neglect and developmental/intellectual 

disability or delay 

ƴ educational history 

ƴ family history, including disability 

ƴ relationship/marital history and other significant adulthood activities and events 

ƴ legal history, including criminal and civil litigation 

ƴ employment history 

ƴ military duty: Because post-traumatic stress disorder (PTSD) might be an 

unacceptable condition for many military personnel to acknowledge, it may be 

prudent to screen initially for signs of depression or anxiety ï both of which may 

be present in PTSD.  

ƴ symptoms of pre-injury psychological dysfunction 

ƴ current and past interpersonal relations, support, and living situation 

ƴ financial history 

ƺ Mental status exam including cognition, affect, mood, orientation, thinking, and 

perception. May include the Mini-Mental Status Examination or the Frontal 

Assessment Battery, if appropriate, and detailed neuropsychological testing. 

ƺ Assessment of any danger posed to self or others.  

ƺ Barriers to care should be considered as the patient may experience problems with 

transportation and access to appropriate care. 

ƺ Psychological test results, if performed. 

ƺ Current psychiatric/psychological diagnosis consistent with the standards of the 

American Psychiatric Associationôs most recent Diagnostic and Statistical Manual of 

Mental Disorders. 

ƺ Pre-existing psychiatric conditions. Treatment of these conditions is appropriate when 

the pre-existing condition affects recovery. 

ƺ Causality (to address medically probable cause and effect, distinguishing pre-existing 

psychological symptoms, traits, and vulnerabilities from current symptoms or 

aggravation of prior symptoms). 
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ƺ Treatment recommendations with respect to specific goals, frequency, timeframes, and 

expected outcomes. 

 

Evidence statements regarding psychometric testing 

Good evidence Evidence statement Citation Design 

 Psychometric testing can 

predict medical treatment 

outcome. 

(Block, Ohnmeiss, 

Guyer, Rashbaum, & 

Hochschuler, 2001) 

Prospective cohort 

study 

(Sinikallio et al., 

2009) 

Observational cohort 

study 

(Sinikallio et al., 

2010) 

Observational cohort 

study 

 

E.2.i Neuro-otology: vestibular and audiological evaluation 

Neurotologic evaluation is a widely used and generally accepted practice in cases of hearing loss, 

dizziness, balance problems, facial nerve injury, and cerebrospinal fluid leak. An individual with 

TBI may experience these symptoms. Any patient with complaints of vertigo or significant 

neurological findings on clinical exam, such as ataxia, should be referred to appropriate 

specialists expeditiously. Diagnostic testing for significant pathology usually requires the listed 

evaluations for audiometry, tympanometry, and vestibular function (ENG/VNG, rotary chair 

testing, computerized dynamic platform posturography, ECoG, VEMP). Some tests may need to 

be repeated to clarify diagnosis. 

E.2.i.1 Audiometry 

Audiometry is a generally accepted and well-established procedure that measures hearing. An 

audiologist or skilled trained technician administers the test using an audiometer. The machine 

presents individual frequencies to the person with TBI (typically ranging from 125ï8000 Hz) at 

different levels of loudness (in dB HL). The individual is asked to respond to the sound at its 

lowest detectable intensity (threshold). Normal thresholds are from 0-25 dB HL and are depicted 

on an audiogram. The audiologist or physician should determine the presence and type (non-

organic, conductive, sensorineural, presbycusis, or mixed) of hearing loss based on the audiogram 

and other tests reasonably deemed necessary. 
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If available, obtain pre-injury baseline audiograms / audiometry studies to include a summary of 

past audiometric history, if known (e.g., prior hearing loss, prior tinnitus, prior vestibular 

problems, prior injury, etc.). 

Baseline audiometry following TBI is indicated when the individual with TBI presents with 

hearing loss, dizziness, tinnitus, or facial nerve dysfunction. 

Audiograms may be obtained in serial fashion to monitor inner ear function in response to time 

and treatment. 

Specific audiometric testing can be done to assess the presence of tinnitus and complaints of 

unilateral hearing loss (Stinger test). 

E.2.i.2 Tympanometry 

Tympanometry is a generally accepted and well-established procedure that measures middle ear 

air pressures. It is used to help identify the presence of tympanic membrane perforations, 

ossicular abnormalities, and the presence of fluid in the middle ear. 

E.2.i.3 Vestibular function tests 

The most common type of vertigo is benign paroxysmal positional vertigo (BPPV), which usually 

does not require additional testing because it is diagnosed with the clinical Dix-Hallpike 

maneuver and treated with a variety of canalith repositioning maneuvers (CRM), such as Epley 

and Semont maneuvers (Fife et al., 2000). (Refer to Section F.4.l, Neuro-otology: vestibular and 

audiology, under Treatment of recurrent, non-progressive otologic disorders.) The following tests 

are used to verify the presence of vestibular dysfunction and specify the origin when possible. 

E.2.i.3.1 Electro- or video-nystagmography (ENG/VNG) 

This is a generally accepted and well-established procedure that measures inner ear/central 

balance function. The test measures eye movement responses to inner ear balance stimulation 

making use of the vestibulo-ocular reflex. There are several components to the ENG/VNG. They 

include oculomotor testing, positional and positioning nystagmus testing, and caloric testing. This 

series of tests may identify peripheral and central abnormalities, abnormalities in oculomotor 

function, positional nystagmus, and unilateral and bilateral vestibular dysfunction. The 

ENG/VNG can be helpful in identifying the affected ear. This test is often used in individuals 

with TBI complaining of dizziness or dysequilibrium and may help diagnose conditions such as 

labyrinthine concussion, vestibular hypofunction, and central vertigo. It is often used in 

conjunction with other tests such as the audiogram and clinical history to help arrive at a 

diagnosis. 



 

 

Moderate/Severe Traumatic Brain Injury ï Referenced Version Exhibit Page Number 52 

 

E.2.i.3.2 Rotary chair testing 

This is a generally accepted, although not commonly used, test that evaluates the ocular responses 

of the inner ear to rotation. It is used to identify the extent of bilateral vestibular loss and is more 

accurate than VNG caloric tests for this purpose. It is also useful in assessing the ability of vision 

to compensate for vestibular impairments and so provides prognostic information regarding 

recovery. 

E.2.i.3.3 Video head impulse teating (vHIT) 

This is a generally accepted, although not commonly used, test that evaluates the ocular responses 

of the inner ear to high acceleration head rotation. vHIT is used to evaluate the ability to maintain 

visual focus during head movement that can be impaired with moderate to high grade unilateral or 

bilateral vestibular injuries. It detects dysfunction of individual vertical semicircular canals in 

vestibular patients as accurately as scleral search coils but is non-invasive and easy to use 

(MacDougall, McGarvie, Halmagyi, Curthoys, & Weber, 2013). It is used to identify the extent of 

bilateral vestibular loss and is more accurate than VNG caloric tests for this purpose. 

E.2.i.3.4 Computerized dynamic platform posturography 

This is a generally accepted, although not commonly used, test that assesses the contributions of 

vision, somatosensation, and the inner ear to balance control. It separately evaluates the role of 

lower extremity motor control to balance. It can be used to determine whether a vestibular lesion 

is present, but it does not localize the lesion. The purpose of this procedure is to identify the 

integral components of a functional balance deficit that may help in treatment planning. This 

technique also may be useful in monitoring neurologic recovery in individuals with TBI and 

balance deficits. These functional methods of evaluation are considered generally accepted 

practices in the evaluation of persistent vestibular and balance deficits that may require specific 

treatment and remediation strategies. Non-physiologic findings on this exam can result from 

either symptom exaggeration, anxiety, psychiatric disorders, atypical results, or malingering and 

should not be interpreted as malingering without other evidence. One study demonstrated positive 

VNG testing in a number of cases where dynamic posturography was non-physiologic (Larrosa, 

2013). 

E.2.i.3.5 Electrocochleography (ECoG) 

This is a well-established and generally accepted procedure that indirectly tests endolymphatic 

fluid pressures. It identifies the affected ear in cases of post-traumatic endolymphatic hydrops and 

post-traumatic perilymphatic fistula. 

The inner ear has two fluid chambers ï the perilymphatic and the endolymphatic. After TBI, it is 

not uncommon for patients to develop an increase in the endolymphatic fluid pressure; this 

condition is called hydrops. When the endolymphatic pressures are abnormally high, the inner ear 

membranes distend, and the ear malfunctions. Symptoms include hearing loss, sporadic dizziness, 

tinnitus, aural fullness, and sensitivity to sound. 
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The ECoG is a test that uses evoked potentials. The patient listens to a series of clicks. Monitors, 

including one sitting on the tympanic membrane, measure three potentials: the cochlear 

microphonic, the summating potential (SP), and the action potential (AP). An increase in the ratio 

of the summating potential of the action potential (SP/AP) suggests the presence of hydrops or 

perilymphatic fistula. The test varies in sensitivity and specificity. Diagnosis of endolymphatic 

hydrops requires a characteristic clinical picture with progressive hearing loss, fluctuating 

hearing, and recurrent vertigo episodes lasting for hours. (Refer to section F.4.l, Neuro-otology: 

vestibular and audiology, under treatment of progressive otologic disorders.) In the absence of 

these clinical features, diagnosis should not be based solely on an abnormal ECoG test result.  

E.2.i.3.6 Vestibular evoked myogenic potentials (VEMP) 

This is a generally accepted test that evaluates the function of the saccule, one of the gravity-

sensing organs of the inner ear. It is the only objective test of these organs. It is a form of auditory 

evoked response and is measured using the ABR and EMG equipment. A loud sound stimulus is 

introduced into the ear, and a vestibulo-colic reflex response from the saccule is recorded as a 

brief relaxation of the ipsilateral sternocleidomastoid muscle by EMG. A characteristic wave form 

is recorded for each ear that is analyzed for presence or absence, threshold, amplitude, and 

latency. Absence of a response in persons under age 60 suggests saccular damage. Reduced 

thresholds are indicative of semicircular canal dehiscence. It is not useful in diagnosing benign 

paroxysmal positional vertigo or vestibular migraine (Fife et al., 2017). 

E.2.i.3.7 Acquired visual dysfunction 

This is usually not the primary cause of imbalance. However, if ocular and/or visual abnormalities 

are found on testing, the patient may be further evaluated by a qualified optometrist or 

ophthalmologist (with training and experience in TBI, balance disorders, and underlying 

neurology) or a neuro-ophthalmologist. The goal is to 1) determine if there is a visual component 

or not, 2) determine if it is central or peripheral, 3) determine if the problem is a manifestation of 

an underlying vestibular disorder or a true vision problem, and 4) coordinate with the treating 

providers regarding most appropriate treatment. 

E.2.i.3.8 Other clinical referrals 

The treating physician may refer individuals with TBI who have balance problems to other 

clinicians with appropriate training in balance dysfunction, such as neuro-otologists, neurologists, 

and otolaryngologists, to assist in their assessment. The referrals may include, but are not 

restricted to: neuro-ophthamology, optometry, physical therapy, vestibular therapists, 

occupational therapy, and chiropractic therapy. There should be a coordinated approach between 

these disciplines and the physician specialist in the individualôs treatment. 
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E.2.j Swallowing evaluation 

Swallowing impairment or dysphagia may be due to neurologic, structural, or cognitive deficits 

and may result from head trauma. Dysphagia may result in aspiration, airway obstruction, 

pneumonia, inadequate nutrition, dehydration, weight loss, failure to thrive, and death.  

E.2.j.1 Clinical assessment  

E.2.j.1.1 Clinical bedside swallow assessment 

This generally accepted clinical examination of oral-pharyngeal swallow function consists of  

¶ pertinent medical history;  

¶ examination of dentition and function of the jaw, lip, tongue, soft palate, pharynx, and 

larynx; 

¶ examination of oral sensitivity; 

¶ observation of dry swallow(s) and, if appropriate, swallows with various food/liquid 

consistencies; and  

¶ ability to follow directions and to discipline own behaviors.  

If pharyngeal dysfunction or aspiration is suspected, an instrumental assessment may be 

indicated. 

E.2.j.1.2 Modified Evans blue-dye test (MEBDT) 

This is a variation of the clinical bedside assessment used to detect the presence or absence of 

aspiration in an individual with tracheostomy. This procedure uses blue dye (FC&C Blue No. 1) 

or methylene blue placed on the tongue or into liquids, ice chips, or food items. Aspiration is 

assumed if tracheal suctioning reveals blue-tinged secretions. The MEBDT has not been found 

reliable in identifying individuals who aspirated trace amounts (less than 10% of the bolus). 

Recognizing the limitations and risks of MEBDT, it is a common and practical means of 

screening individuals to determine readiness for cuff deflation or further swallowing evaluation. 

E.2.j.2 Instrumental evaluation 

Instrumental evaluations of swallow function are generally accepted diagnostic tests. They are 

conducted by a speech-language pathologist and a physician in collaboration (radiologist, ENT, or 

other physician familiar with the procedure as appropriate) or by a speech-language pathologist 

under the supervision of a physician. 
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E.2.j.2.1 Modified barium swallow studies (MBS) or videofluoroscopic study 

MBS is well-established and the most common instrumental procedure used to study swallow 

function. The individualôs swallowing function involving the oral cavity, larynx, pharynx, and 

upper esophagus is visualized while swallowing various quantities and textures of food and/or 

liquid containing barium contrast material. 

The MBS is useful in visualizing, identifying, and documenting the presence of risk of 

penetration and/or aspiration and the swallowing disorder responsible for it. Specific factors 

assessed during the MBS may include the anatomy and physiology of the swallow, clearance of 

material through the mouth and pharynx, the timing of the swallow, the percentage of 

penetration/aspiration, and the effectiveness of treatment techniques and strategies to improve 

swallow safety and efficiency. Recommendations are made concerning the safety of oral intake, 

medication administration, optimal delivery method for diet and hydration, diet texture/sensation 

modifications, therapy techniques, compensatory postures, and strategies to ensure optimum 

swallow safety and efficiency. Repeated studies may be needed to determine change in swallow 

function over time. 

E.2.j.2.2 Fiberoptic endoscopic evaluation of swallowing (FEES) 

FEES is used to evaluate the pharyngeal phase of the swallow with a flexible endoscope that is 

placed transnasally into the hypopharynx. It may be completed at bedside and may be useful in 

those who may not tolerate the radiographic procedure or when such procedures are not readily 

available. FEES permits direct visualization of anatomy as well as vocal fold motor activity and 

morphology. It allows for an assessment of briskness of swallow initiation, timing of bolus flow, 

and swallow initiation, adequacy of bolus driving/clearing forces, adequacy of velar and laryngeal 

valving forces, penetration or aspiration, and presence of hypopharyngeal reflux. 

E.2.j.2.3 Fiberoptic endoscopic evaluation of swallowing with sensory testing (FEEST) 

This is a modification of the FEES procedure that adds quantification of sensory threshold in the 

larynx. The sensory evaluation involves the delivery of pulses of air at sequential pressures to 

elicit the laryngeal adductor reflex, thus establishing a sensory threshold. Sensory testing is a 

quantifiable indicator of those persons at risk for aspiration. It provides better understanding of 

laryngeal sensory deficits, which may be useful in dietary and behavioral management of 

individuals with dysphagia. 

E.2.j.2.4 Manofluorographic swallowing evaluation (MSE) 

MSE is a videofluoroscopic swallowing study with the addition of an oropharyngeal pressure 

assessment. Solid state pressure transducer sensors are typically placed in the esophagus, upper 

esophageal sphincter (UES), hypopharynx, and tongue base. Manometry provides quantitative 

information at rest and during swallowing on pharyngeal, UES, and esophageal pressures, 
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completeness of UES relaxation, and coordination of timing between pharyngeal contraction and 

UES relaxation. 

E.2.k Vision evaluation 

There are standard examination techniques and ancillary tests to establish the diagnosis of visual 

disorders. It is a generally accepted practice for a qualified practitioner to provide a 

comprehensive vision evaluation.  

The qualified practitioner (optometrist, neuro-optometrist, ophthalmologist, neuro-

ophthalmologist) should have training and experience in the neurology of TBI. 

The comprehensive visual evaluation should assess afferent visual function (visual acuity, visual 

fields / peripheral vision), efferent function (ocular movement, fixational stability/instability, 

binocular alignment), and anatomic integrity of the eye and its adnexal structures. In doing so, the 

practitioner will obtain information about the functional status of the eyes and visual system 

including the presence or absence of refractive error; loss of visual acuity and/or visual field; 

oculomotor dysfunction with or without diplopia; ocular, orbital, and adnexal injuries; and other 

pathology involving intraocular structures. Vision evaluation may be necessary to evaluate 

acquired/traumatic central and peripheral nervous system disorders, visual acuity loss, visual field 

loss, nystagmus, ocular motility impairment, cranial nerve palsy, diplopia, suspected or noted 

ocular and visual pathology, pupillary disorders, and visual perceptual disorders. 

The diagnosis/diagnoses determined following a comprehensive neuro-ophthalmic examination 

should be based upon objective findings that correlate with the known or suspected underlying 

neuro-pathology and symptoms.  A simple description of symptoms may be used but should not 

be understood as explanatory or diagnostic, as the practitioner should seek to identify the 

underlying pathology. 

 

Signs and symptoms of visual dysfunction commonly include, but are not limited to:  

ǒ Signs 

ƺ ocular mis-alignment (strabismus), 

ƺ nystagmus or other instability of fixation, 

ƺ ocular discharge, 

ƺ red or swollen eyes, 

ƺ ptosis, 

ƺ lagophthalmos (inability to fully close the eyelid), 

ƺ globe dystopia (lack of orbit alignment). 
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ǒ Symptoms, including complaints of 

ƺ blurred vision or loss of vision, 

ƺ difficulty with visual tracking or scrolling, 

ƺ focusing problems, 

ƺ double vision, 

ƺ having to close or cover an eye to improve vision, 

ƺ problems with depth perception, 

ƺ impaired peripheral vision, 

ƺ headache or eye strain with use of eyes, 

ƺ head tilt to improve vision, 

ƺ dizziness or balance problems with use of eyes, 

ƺ photophobia, 

ƺ reduced attention or concentration for visual tasks. 

Visual evaluation is indicated when signs or symptoms consistent with a visual problem are 

reported by the individual or observed by others. Significant signs and symptoms not directly or 

solely attributable to other causes (e.g., cognitive, vestibular, medication, psychological) indicate 

the need for vision evaluation as soon as reasonably possible post-injury. Mild signs and 

symptoms do not require referral but may be monitored for several weeks to allow for resolution 

or improvement.  

Patients with M/S TBI are more likely to have eye movement and/or visual spatial deficits. Such 

patients should have a comprehensive evaluation if these signs are noted or symptoms are 

reported (Adams, 2009).  

A formal vision examination may be intermediate, extended, or comprehensive, depending on the 

nature of the deficits. The vision examination may include, but is not limited to: case history; 

visual acuity at a distance and near; refraction; color vision testing; pupillary examination; visual 

field by confrontation; Amsler grid testing; ocular motility examination; binocularity 

examination; accommodation testing; external/adnexal examination; intraocular pressure testing; 

and anterior and posterior segment examinations. 

Ancillary diagnostic tests may include, but are not limited to: visual field testing (tangent screen 

campimetry, manual or automated perimetry), ultrasonography, fluorescein angiography, anterior 

segment and fundus photography, optical coherence tomography, electrodiagnostic studies, low 

vision assessment, and visual perceptual testing. 
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E.2.k.1 Visual field testing 

This is a well-established technique to evaluate central and peripheral vision. It is indicated when 

a deficit is suspected by the practitioner or noted by the patient and should be considered in any 

patient with TBI and subjective visual field loss. Visual field testing beyond the basic 

examination should be performed using a procedure and tool that is well-established and 

standardized. Examples include computerized perimetry and Goldmann perimetry. 

E.2.k.2 Ultrasonography 

Ultrasonography is a well-established diagnostic test that is indicated for evaluation of ocular or 

orbital pathology. It is indicated for ocular lesions that are suspected but poorly visualized due to 

opaque ocular media or for further evaluation of ocular or orbital pathology. 

E.2.k.3 Fluorescein angiography 

This is a well-established diagnostic test to evaluate the retinal and choroidal circulation. It is 

indicated when lesions of one or both of these circulations are suspected. 

E.2.k.4 Visual perceptual testing 

This testing may be conducted informally by an ophthalmologist or optometrist or with a 

standardized battery of tests employed by a neuropsychologist. Testing consists of functional 

assessments to evaluate an individualôs recognition and interpretation of visual sensory 

information. Visual perceptual testing is indicated for determination of the level of visual 

perceptual impairment and/or confirmation of suspected impairment. Perceptual areas assessed 

include visual memory, judgment of visual spatial relationships, visual discrimination, visual 

motor integration, visual figure-ground discrimination, and visual attention. Numerous tests are 

used for the evaluation of visual perception. Some of these tests are well-established. It is 

suggested that only tests with established norms be used in a standardized battery, and caution 

should be exercised in using other instruments.  

E.2.k.5 Low vision evaluation 

Low vision evaluation is well-established and indicated in the presence of subnormal bilateral 

visual acuity or visual field. The goal is to provide vision aids for distance or near vision that 

improve visual functioning. 

E.2.k.6 Electrodiagnostic studies 

These are well-established and possibly indicated in the presence of reduced visual acuity or 

visual fields, ocular pathology, or suspected optic nerve or visual pathway deficit. (Refer to 

Section E.2.a, Electrodiagnostic studies, for further description.) 
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E.2.k.7 Optical coherence tomography 

This is an interferometric technique, usually with near-infrared wavelengths, used to evaluate 

optic nerve and retinal structural integrity. This study should be used in conjunction with tests of 

visual function to establish the possible causes of visual deficits. Serial assessments can provide 

objective longitudinal data about retinal and optic nerve structure. 

E.2.l Return-to-work assessment and special tests 

A return-to-work procedure should be part of a companyôs policies and procedures, knowing that 

return to work can decrease anxiety, reduce the possibility of depression, and reconnect the 

worker with society. Evaluations used to define these abilities, such as the functional capacity 

evaluation (FCE) and the worksite analysis, should be objective. The professional performing the 

FCE and worksite analysis should be specifically trained and familiar with the unique 

presentation of the individual who has sustained a TBI. The ability to tolerate these evaluations 

and follow commands may be limited due to TBI and should not be construed as non-cooperative 

or suggestive of malingering.  

Caution should be used in returning an individual to work and other activities too early.  Both 

physical and cognitive duties should generally be non-stressful initially, with a gradual increase in 

activity based on improvement and/or resolution of symptoms. The individual should be 

competent in most basic ADLs before return to work is considered. Return to full duty depends on 

the rate of decrease of symptoms. Generally, if symptoms recur during increasing job duties or 

exertion, duties should be decreased accordingly. Because a prolonged period of time off work 

will decrease the likelihood of return to work, the first weeks of treatment are crucial in 

preventing and/or reversing chronicity and disability mindset. In complex cases, experienced 

nurse case managers or occupational therapists may be required to assist in return to work. Other 

services, including psychological evaluation and/or treatment and vocational assistance should be 

employed. Two evaluations that may be used are job site evaluations and alterations and FCEs. 

E.2.l.1 Job site evaluations and alterations 

For many patients with TBI, job alterations may be needed. These may be in the form of: (1) 

instructing the worker how specific duties might be performed to avoid excessive mental stress; 

(2) actual job worksite or duty changes; and/or (3) a formal job site evaluation and alterations at 

the worksite. 

Job site evaluation and alteration should include input from the employee, the employer, and a 

health care professional with experience with TBI cases. The employee should be observed 

performing all job functions in order for the job site evaluation to be a valid representation of a 

typical workday. 

A formal job site evaluation is a comprehensive analysis of the physical, mental, and sensory 

components of a specific job and may be important initially to determine causation. These 
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components may include, but are not limited to: (a) postural tolerance (static and dynamic), (b) 

aerobic requirements, (c) ROM, (d) torque/force, (e) lifting/carrying, (f) cognitive demands, (g) 

social interactions, (h) interpersonal skills management, (i) visual perceptual challenges, (j) 

environmental requirements of a job, (k) repetitiveness, and (l) essential functions of a job. 

Changes that provide a therapeutic benefit or relieve the patientôs ongoing symptoms are part of 

the required medical treatment for TBI, and therefore, it is assumed that the insurer will be 

responsible for paying for reasonably necessary job site alterations. 

Job descriptions provided by the employer are helpful but should not be used as a substitute for 

direct observation. 

A job site evaluation may include observation and instruction of how work is done, what material 

changes should be made, and determination of readiness to return to work. Refer to the Divisionôs 

Chronic Pain Disorder Medical Treatment Guideline. 

Requests for a job site evaluation should describe the expected goals for the evaluation. Goals 

may include, but are not limited to: 

ǒ Provide a detailed description of the physical and cognitive job requirements; 

ǒ Make recommendations for and assess the potential for job site changes; 

ǒ Assist the patient in his/her return to work by educating on how he/she may be able to do 

his/her job more safely; and/or 

ǒ Give detailed work/activity restrictions. 

 

Time frames 

Time frames regarding job site evaluations and alterations 

Frequency One time with additional visits as needed for follow-up. 

 

E.2.l.2 Functional capacity evaluation (FCE) 

FCE may be indicated to identify residual physical limitations. FCE is a comprehensive 

assessment of the various aspects of physical and cognitive function as they relate to the 

individualôs ability to perform functional activities necessary for return to work. When cognitive, 

emotional, and/or behavioral sequelae are also present, a comprehensive FCE may provide 

indications of return-to-work readiness. 

Components of the physical portion of the FCE may include, but are not limited to: 

musculoskeletal screen, cardiovascular profile/aerobic capacity, coordination, lift/carrying 
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analysis, job specific activity tolerance, maximum voluntary effort, pain assessment, non-material 

and material handling activities, balance/dizziness, climbing, physical fatigue, endurance, and 

visual skills. The physical portion of any FCE should include all of the physical skills required for 

specific job placement.  

Components of the cognitive portion of the FCE may include, but are not limited to: memory, 

executive skill function, attention and concentration, communication, speed of information 

processing, multi-tasking, new learning, and cognitive fatigue and endurance. 

Components of the emotional portion of the FCE may include, but are not limited to: 

temperament, ability to manage stress, adaptation to change, mood changes, toleration of 

feedback, and anger control. 

Components of the behavioral portion of the FCE may include, but are not limited to: appropriate 

social and behavioral interactions. This may present as inability to complete or cooperate with the 

tests, inconsistent or erratic behavior, or the inability to get along with coworkers and supervisors. 

FCEs include tools that are an extension of the basic medical examination and may be useful for 

the determination of impairments, functional/cognitive restrictions, determination of progress, and 

planning and monitoring of the rehabilitation program. Whenever possible, FCEs should be 

supplemented with information from neuropsychology, speech therapy, occupational therapy, and 

physical therapy to determine physical, cognitive, and psychological abilities in order for the 

patient to function safely and productively in a work setting. FCEs are typically conducted in four 

to six hours, but for individuals who have sustained a TBI, additional time may be required or it 

may be necessary to conduct the evaluation in two or three separate sessions to allow for the 

potential variability of cognitive and physical fatigue. Total time for an FCE would rarely exceed 

eight to ten hours. 

When an FCE is being used to determine return to a specific job site, the provider is responsible 

for fully understanding the job duties. A job site evaluation is frequently necessary. FCEs cannot 

be used in isolation to determine work restrictions. The authorized treating provider must interpret 

the FCE in light of the individual patientôs presentation and medical and personal perceptions. 

FCEs should not be used as the sole criteria to diagnose malingering. 

FCEs may be beneficial in the TBI population to assist in return to work. 
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Time frames 

Time frames regarding functional capacity evaluation 

Frequency 2 times. When the patient is unable to return to the pre-injury position and further 

information is desired to determine permanent work restrictions. A repeat FCE 

may be needed if additional treatment is deemed necessary after the first FCE. 

Prior authorization  is required for more than 3 FCEs. 
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F. Treatment 

Due to the complex nature of the brain, individuals with TBI require coordinated interdisciplinary 

treatment. Usually, the impairment(s) and functional limitations are appropriately treated by more 

than one therapeutic discipline. Treatment should include functional, outcome-oriented, and 

community reintegration goals. Treatment session duration and frequency will vary depending on 

the individualôs tolerance and may evolve over time. 

The location of treatment sessions may be in a clinical setting initially, but eventually may be 

more effective in the home, workplace, or community, based on functional goals. M/S TBI may 

result in lifetime deficits, so a long-term disability management model is appropriate. Frequency 

and duration of specific, non-acute treatments should be included in every treatment plan and 

should be re-evaluated approximately every three to four weeks or within the time to produce 

effect in the guidelines. (Refer to Section B, General guideline principles.) Experienced 

practitioners should not use all of the therapies and modalities listed in this guideline. Periodic 

modification or consultation may be necessary throughout an individualôs lifetime following TBI. 

Therapy for specific impairments and functional limitations may be reinitiated for goal-specific, 

time-limited treatment as new goals are identified and developed. Treatment should be based on 

medical diagnosis and associated impairment, cognitive ability, clinical evaluations, anticipated 

functional gains, and progress demonstrated by documented functional outcomes. 

F.1 Acute-stage therapeutic procedures         

F.1.a Resuscitation 

Definition and background 

The first priority in treating TBI is complete and rapid physiologic resuscitation. 

Supporting literature and evidence tables 

The following recommendations were based on consensus. 

Recommendations for M/S TBI resuscitation 

Special considerations for isolated communities without neurosurgical support: 

ǒ Trauma surgeons and emergency physicians may perform the initial resuscitation and 

neurologic treatment in the deteriorating individual. Important initial factors affecting TBI 

outcomes are hypotension (systolic less than 90mmHg) and hypoxemia. 

ǒ Once feasible, transport to a designated neuro-trauma center should occur expeditiously 

for further evaluation and management. 
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F.1.b Intrac ranial pressure (ICP) management and cerebral perfusion pressure (CPP) 

Supporting literature and evidence tables 

The following recommendations were based on consensus. 

Indications for M/S TBI ICP and CPP 

ICP monitoring is usually indicated in individuals with low GCS (less than 9) and an abnormal 

CT scan or when the individual cannot have continual neurologic evaluation (e.g., use of 

anesthesia, pain medicine for other injuries that preclude a neurologic exam), and it should also be 

considered when the individualôs age is over 40 or systolic blood pressure is less than 90 mmHz 

(Brain Trauma et al., 2007). 

Recommendations for M/S TBI ICP management 

ǒ The patientôs head is usually elevated above the heart about 30 degrees. 

ǒ Hyperventilation may be used briefly. However, prolonged hyperventilation will 

eventually result in decreased cerebral blood flow and is not recommended (Brain Trauma 

Foundation, 2016). 

ǒ Osmotic therapy such as hypertonic saline or mannitol is frequently used; however, no one 

agent has been proven superior to another (Brain Trauma Foundation, 2016). 

ǒ Steroids are not recommended due to worse outcomes (Brain Trauma Foundation, 2016). 

ǒ Sedatives and/or paralytic agents may be used as needed. 

ǒ EEG monitors may be applied and anti-seizure medication may be used. 

ǒ Ventriculostomy assists in lower pressure and with hydrocephalus. 

F.1.c Hyperventilation  

Definition and background 

Hyperventilation may be used to temporarily decrease ICP. 

Supporting literature and evidence tables 

The following recommendations were based on consensus. 

Recommendations for hyperventilation 

In rare cases, controlled hyperventilation may be necessary for brief periods in acute neurological 

deterioration not attributable to systemic pathology (i.e., hypotension), but it is not recommended 

for prolonged periods of time. It should generally be avoided during the first 24 hours because it 



 

 

Moderate/Severe Traumatic Brain Injury ï Referenced Version Exhibit Page Number 65 

 

may decrease cerebral blood flow (Brain Trauma Foundation, 2016; [Cochrane] Ian Roberts & 

Schierhout, 1997). 

F.1.d Medications 

F.1.d.1 Hyperosmolar agents 

Definition and background 

Hyperosmolar agents have been used to temporarily decrease ICP. 

Supporting literature and evidence tables 

Studies not resulting in evidence statements 

A meta-analysis did not support any particular osmotic agent for the reduction of intracranial 

pressure in the setting of severe TBI, and hypertonic saline solution has not been shown to be 

superior to or inferior to any other agent with respect to mortality in the setting of increased 

intracranial pressure (Berger-Pelleiter, Emond, Lauzier, Shields, & Turgeon, 2016; Brain 

Trauma Foundation, 2016; Wakai, McCabe, Roberts, & Schierhout, 2013). 

 

Indications/recommendations for hyperosmolar agents 

Hyperosmolar agents may be used prior to ICP monitoring if there is neurologic deterioration not 

attributable to systemic pathology (i.e., hypotension) and/or signs of transtentorial herniation. 

F.1.d.2 Glucocorticoids 

Definition and background 

Glucocorticoids (steroids) were initially thought to decrease acute cerebral damage. 
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Supporting literature and evidence tables 

Evidence statements regarding medications: glucocorticoids 

Good evidence Evidence statement Citation Design 

  Glucocorticoids do not 

decrease mortality. 

(CRASH trial 

collaborators, 

2004) 

Randomized clinical 

trial 

Some evidence Evidence statement Citation Design 

  Glucocorticoids may even 

increase the mortality rate in 

individuals with TBIs. 

(CRASH trial 

collaborators, 

2004) 

Randomized clinical 

trial 

  

Recommendations for glucocorticoids 

Glucocorticoids are not useful or generally accepted for improving outcome or decreasing ICP, 

and in some instances, they may be harmful. 

F.1.d.3 Anti-epileptics 

Definition and background 

Anti-epileptic agents are intended to prevent or treat seizures. 

Supporting literature and evidence tables 

Evidence statements regarding medications: anti-epileptics 

Good evidence Evidence statement Citation Design 

  In the setting of M/S TBI, 

treatment within 24 hours 

from the time of trauma with 

an antiepileptic drug reduces 

the risk of seizures in the first 

7 days after trauma. 

(Thompson, 

Pohlmann-Eden, 

Campbell, & 

Abel, 2015) 

Meta-analysis of 

randomized clinical 

trials 
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Studies not resulting in evidence statements 

There is a lack of evidence that treatment with an antiepileptic drug reduces the risk of 

seizures occurring later than 7 days after trauma (Thompson et al., 2015). There is also a lack 

of evidence that treatment with an antiepileptic drug reduces all-cause mortality after TBI 

(Thompson et al., 2015). 

  

Indications/recommendations for anti-epileptics 

Anti-epileptic treatment may be used to prevent early post-traumatic seizures in a high-risk 

individual. They are also usually administered for one week in those with intracranial 

hemorrhage. Prevention of early seizures is reasonable to reduce seizure-associated complications 

during acute management (Brain Trauma Foundation, 2016; Chang & Lowenstein, 2003). 

Prophylactic anti-epileptics should be administered on a case by case basis after the first week. 

Clinical indicators warrant their use, such as but not limited to: brain penetration, excessive 

intraparenchymal bleeding, or continued seizures. 

F.1.d.4 Barbiturates to induce coma 

Definition and background 

Barbiturates were initially thought to improve outcomes by decreasing ICP and perhaps 

decreasing surgeries. 

Supporting literature and evidence tables 

Studies not resulting in evidence statements 

There is no evidence to suggest barbiturates used to decrease intracranial pressure improve 

outcomes, which may be due to the fact that they lower both intracranial pressure and cerebral 

perfusion pressure (Brain Trauma Foundation, 2016; [Cochrane] I. Roberts & Sydenham, 

2012). 

  

Recommendations for barbiturates 

Barbiturates are not recommended for use in TBI to induce coma. 
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F.1.d.5 Branched chain amino acids (BCAAs) 

Definition and background 

BCAAs were initially thought to improve cellular metabolism. 

Supporting literature and evidence tables 

Studies not resulting in evidence statements 

BCAAs have been trialed to reduce functional deficits post TBI. There is no evidence of their 

efficacy (Sharma, Lawrence, & Hutchison, 2017). 

 

Recommendations for BCCAs 

BCCAs are not recommended (Sharma et al., 2017). 

F.1.d.6 Erythropoietin (EPO) 

Definition and background 

Erythropoietin has been used to increase the production of red blood cells in the setting of 

hypoxia. 

Supporting literature and evidence tables 

Evidence statements regarding medications: erythropoietin 

Good evidence Evidence statement Citation Design 

  In the setting of acute M/S TBI, 

erythropoietin reduces 

mortality. 

(Liu, 2016) Meta-analysis of 

randomized clinical 

trials 

  

Studies not resulting in evidence statements 

There is a lack of evidence that erythropoietin improves the rate of favorable neurological 

outcomes, as defined by the ability to function outside the home (Liu, 2016). 

  






























































































































































































































































































